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PREFACE

The fighter has always been exposed to stress created by other men and by his physical and mental environment. Stressors
usually exert a negative influence on performance, but may also have quite the opposite effect: we have all heard stories of
heroic actions, performed under stress, that would be considered impossible under normal circumstances.

Both the commander and the military doctor require knowledge of human response to stressors. The commander must be
able to predict the fighting potential of hismen; the doctor must be able to offer the appropriate treatment to those whose well-
being is jeopardized by stress.

Environmental stressors often produce clear physiological effects, such as cardiac acceleration in the fighter pilot or
elevation of core temperature in the tank driver. However, their effects on military task performance remain in many instances
rather obscure. Modern sophisticated weapon systems place demands upon the operator's higher mental processes, requiring
skills of system management rather than merely of direct psychomotor control. The difficulty of studying these processes is
related in part to the intellectual uniqueness of man, which precludes the successful application of animal .xperimental models.
Moreover, psychophysiological methods developed in the laboratory have limited relevance to complex military tasks.

Many research teams have addressed problems of human performance in military environments. However, differences in
protocol, data collection, or the conditions of testing have often precluded direct comparison of results, and time, energy, and
money have been wasted. The reason for this 'Tower of Babel' phenomenon has been a communication problem created by
differences not in national but in scientific language.

Confronted with this exasperating situation, a number of researchers in the NATO member countries met with the
intention of introducing a more systematic approach to performance testing. This "Aachen Academic Group", which
comprised workers from universities, military establishments, and industry, held a series of meetings sponsored initially by the
USAF European Office of Aerospace Research and Development (EOARD) and later hy the European Conm'nil.y (EC).
Professor Andries F. Sanders received funding from the USAF to conduct a survey of current performance researchers, and
reported widespread enthusiasm for the notion of standardization. Subsequently, the AGARD Aerospace Medical Panel
formed Working Group 12, whose major tasks were to construct a standardized test battery and to define a data exchange
format.

As a first step in promoting the collaboration necessary for a successful programme of standardization, the members of
Working Group 12 compiled and published an international register of performance research. The register, although not
exhaustive even within the NATO member countries, revealed extensive use of performance tests for a variety of purposes. and
it quickly became apparent that the scope of the working group's activities should be delimited. The major applications of
performance tests were found to be within the fields of personnel selection and of stress rcsearch. Since the former was an
extremely wide-ranging topic that had already been considered by RSG 14 of NATO Panel Vil, the efforts of the working
group were directed primarily towards the latter. Although the group will make no specific recommendations concerning the
application of the standardized battery to selection, it is hoped that the development of a normative data base will be of interest
to selection researchers.

The working group set out not to develop new performance tests but to formalize the protocol of tests with a proven
record of success in stress research. To ensure maximum generalizability, laboratory-based tests were chosen in preference to
simulations of specific real-life tasks. The importance of occupational validity was not ignored, however, and a test was
considered suitable for consideration only if there was preliminary evidence for its relevanc, to performance on practical tasks

Although our objectives may seem limited, the encouragement of closer cooperation between laboratories, the
enhancement of comparability between studies, and the definition of a data exchange format will have many potential benefits.
Duplication of effort, previously wasteful, will now be used to increase the power of performance tests: the effects of a wide
variety of environmental conditions on a particular mental process will become apparent; previouslv undiscovered patterns of
relationships between variables may be revealed; and it may be possible eventually to establis '., ial centralized data base.
Thus, the test battery described here, although not immediately providing fresh insights into th , tu. of human performance.
will serve as a framework for the systematic accumulation of knowledge.
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PREFACE

Le combattant a toujours ete un homnme soumnis a des agressions de la parn d'autres hommes et A celles dues
l'environnement physique et psychique. Ces elements stressants; ant en general un impact ne~gatif sur les performances
humaines. mais ils peuvent avoir egalement un effet tout A fait inverwc et tout in chacun connait des anecdotes. ou des faits dits
h~rdfques, oii I'on a vui des homnmes effectuer des tiches considerees comnme impossibles darns des circonstances ordinaires.

Let chefs et les m~decins militaires ont besoin d'informations sur la reponse humaine aux elements strestants. Le chef doit
connaitre son potentiel de combat et le m~decin doit pouvoir offrir des tht~apeutiques adequates ceux dont le bicn-~tre %c
trouve menace par le stress.

Let agressiant; ayant pour origine l'environnement physique ant souvent des effets physiologiqucs. tres marqu&s tels
l'acceleration du rytfime cardiaque subie par let pilotea des avions de combat ou let modifications de temperature intene des
tankistes. Ceci nonobstant, leurs effets sir l'ex~cution de tkches d'ordre militaire tont loin d'Etre clairs dans de nombreux cas.
Les systmes d'armes modernes evoluex exigent unc grande activite intellectuelle de la part de I'opfrateur et ccci dana le
domaine de la gestion de sytmet plut6t que dans celui du simple contr6le psychomoteur. Le problme qui se pose pour
l'etude de ces processus sexplique en panic par ]a nature unique des capacitfa intellectuelles de Ihomme. cc qui r~fnd
impossible l'emploi de modeles experimentaux animaliers. En outre, let methodes psychophysiologiques d~velopp~es en
labaratoire ne sont que partiellement applicable au tiches militaires complexes.

Bon nombre ricquipes de chercheurs ant deja aborde let problmes souleves par e'tude des performances humaines en
situation op~rationnelle mais tr~s souvent il t'est av&r impossiblc de faire la comparaison directe des r~sultats en raison des
differences qui existent dana les protocoles. la collecte des donn~es et les conditions d'cssais. Beaucoup dc temps. d'6nergie et
d'argent ant 6t ainsi perdus. Ce phinom~ne de "Tour de Babel" a pour origine in problme de comunication cr66 par des
differences non pas clans la languc nationale mais dans la langagc technique.

Face A cetre irritante situation un certain nombre de citercheurs membres des pays de lOTAN sc sont r~unis pour tenter
dclaborer une approche plus m~thodique des tests de performance. Cc groupe. le "Groupe Acad~mique d'Aachen" compose
de chercheurs de tous horizons (universit~s, institutions militaires, industries, etc.) scsi r~uni plusicurs reprises, d'abord sous
It. gide de I'-Europcan Office of Aerospace Research and Development" (EOARD) ei ensuite tout rellc de la Communait6
Fconomiquc Europ~enne (CElL). Une 6tude fut condluute sous contrat de [US Air Force par le Professeur Andries F.Sanders
aupr~s des chercheurs travaillant dans cc domaine, afin d'6valuer I'utilit6 d'un travail qui consisterait a standardiser une
batterie de tests de performances mentales humaines. Laccucil de cette d~marchc par la communau(6 scientifiquc flit
enthousiaste. C'est ainsi que is Commission de Mddecine AMrospatiale de I'AGARD d~cida la creation du Groupe de Travail
No. 12. La mission dii Groupe fit dl'61abortr inc batterie standardiq~e de tests et de rechercher et crs~er unc structure pour
I'6change de donnees.

La demarche initiale adapte par le Groupe de Travail No. 12 en vuc d'encourager Ia coop&ation n&essaire A la r~ussite
d'un tel programme de standardisation. fit de compiler ct dc publier in Annusire international des 6quipes de recherche en
performances humaines. Cette publication. quoique loin d' trcexhaustive en cc qui concemne les pays membres de l'OTAN.
souligik 1'emploi trcs g~n~ralis de tests de performance dans de nonibreux domaines. Le Groupe de Travail en a conchu tr~s
rapidement qu'il devait delimiter H'tendue des travaux crivisng&s I1 t'est av~r6 quc let applications principales des tests de
performance se trouvaient dans les domnaines de In selection dii personnel et de la recherche partant sur Ie stress. Le premier
atant in taste suiet, deja examin6 par une Groiipe d'Etudes et de Recherches de la Commission V111 dui Gvoupe de Recherche
pour Ia DWense de l'OTAN, let efforts de notre Group de Travail ant port6 principalement sur la recherche sur It stress. Bien
qu9! le Groupe nait pas A se prononcer sur let applications de Ia batterie standardis~e de tests pour Ia selection dii personnel. il
cit A esp~rer que Ie d~veloppement d'une base normative de donn~es &veillera I'int&r t des chercheurs dans le domaine de Ia
selection.

Le Groupe de Travail scest donne pour but non pat de d~velopper de nouveaux tests de performance mais de formaliser le
protocole des tests dont I'efficacit6 a 6t confirm~e par let sp~cialistes en Ia mati~re.

Des tests de lahoratoire tint dt choisis die prEference la simulation die tiches sp~cifiqiies r~elles, afin de faciliter
I'adoption generalisee de ces procedures. L'importance die Ia validation professionnelle na pourtant ps 6t6 oublie. Le critere
retenu pour In prise en consid~ration d'un test cit Ia justification prenlable de sa pertinence au regard de la performance
hurnaine impliqu6e dans le travail t6tudi6.

Bien que let objectift puissent paraitre limitds. l'encouragement en vue d'une collaboration plus troite entre laboratoires.
l'obtention dune meilleure comparabilit entre 6tudes etlla definition d'une structure d'fchang de donn~cs ne pourront avoir
que de consequences ben~fiques. La duplication des efforts, source de gaspiltages dans le pass6, servira d~sormais renforcer
Icefficacit6 des tests de performance. Let effets de tout in 6ventail de conditions ambiantes sur in procestus mcntdl donn
deviendront 6vidents. Des mod~lcs de relation entre variables., inconnus jusqu'ici. risquent d' tre d&couverts et la creation
d'une hanque de donn~es officielle centralis&e pourra s'avdrcr possible terme.

Ainsi. Ia batterie die tests decrite ici. si elle n'oifre pas, pour ['instant, die nouvelles Ohucidations sir Ia nature de la
performance humnine. servira die cadre pour Ic recucil syst6matique des connaissances.

Medecin en Chef G.SANTUCCI
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CHAPTER I

INTRODUCTION

A. PERFORMANCE TESTING AND THE NEED FOR STANDARDIZATION

There is growing interest in the effects of environmental stressors on human performance. Particular attention has bccn given
to military and industrial tasks in which stress-induccd error may have serious conscque --" Unfortunately, difference, in
testing procedures have hindered the integration of findings for a particular task or a particular stressor

In traditional psychometrics, a lengthy development phase usually precedes presentation of the test in a completely
standardized form. However, the performance tests used in stress research are often borrowed from techniques reported in the
theoretical literature on human cognition. These techniques take the form of paradigms within which specific variables are
manipulated experimentally. Consequently, no standard protocol is available, and it is unsurprising that applied researchers
construct versions of the test that. although conforming to the paradigm, differ considerably in detail.

Sternberg's (1966) memory search technique is an example of a performance test that was originally developed as a theoretical
tool. A memory set' of items is presented. followed by a "probe item, and the subject is required merely to indicate v hether the
probe was present in or absent from the memory set. Despite the simplicity of this procedureciinsidt rable sariafion is possible.
For example, the memory set may be fixed or variable: the range of memory set sizes may vary; the inter-stimulus interval ma
be experimenter-or subject-paced; and the stimuli may be familiar or unfamiliar.

Systematic variations within the memory search paradigm, such as the use of visually degraded probes. are of great interest to
the theorist. Applied researchers, however, require ofany test that it serves as a constant yardstick against v hich to measure the
effects of variation in the environment. Within a single experiment, this objective is easy to attain: the sante version of the lest
can be administered under different environmental conditions, and, provided that a sound experimental design has been
employed, any differences in performance can be attributed to the environment. However. problems emerge sshen an attenpt
is made to integrate findings from different laboratories. Variations in test proitocol represent a solure of confoundini. and
preclude direct comparison of results.

Well-accepted paradigms such as mcmorv search form the building blocks for test batteries that prov.ide broad profiles of
human performance. Such batteries are usuall\ deNcloped in response to an applied problem such as selection for cmplo\ nici
or evaluation of the effects of an environmental stressor on job performance. and represent an attempt to solvc tlie applied
problenis of a particular sponsor. Sanders. I taygood. Schroiff. ;and Wauschkuhn'( 1986) survey if pcrfi-rmancce tet batteries.
iand the discussions of performanc. -2,earchers comprising the "Aachen Academic Group'. indicated a surprising degree ot

consensus in the selection of tests. The Aachen Group concluded that a core of commonl% used performance telt cluld be
,elected for inclusion in a standardized battery, and that a norinative data base. colparable to that as ailahle for intclliecncc
and personalit, tests. could then be established.

Working Group 12 of the AGARD Aerospace Medical Panel was formed to achicc this obiccl'c. Io lacilitaie
communication between researchers, the working group initially compiled an international register of perthrniancec research
AC AiRI) Report No. 763). vs hich included details both of tests and of aplications. Seven comion paradigms, each with

preliminary evidence of psychometric soundness, were selected as the basis of the AGARD Standardized Tcsts for Research
with Env iromnmental Stressors (STRES) Battery.

he AGARD STRES Battery can be considered an extension of the approach initiated by rcprescntatives of the US NasN, Air
Force, and Army in the development of the Unified Tri-Service Cognitivc Performance Assessment Battery (UTC-PAB). The
UT(-PAB is designed to he a dynamic system that will eolve through several stages; it provides the option l usea core subset
of tests or to construct a unique combination of UTC-PAB tests to meet specific requirements (see Englund. Reeves.
Shingledeer. Thorne. Wilson, & legge, 1987). The STRES Battery places even greater emphasis upon standardization. It
represents the collaborative efforts of an international group of users to define the tests most useful in a battery for stress
research, provide detailed and machine-indcpendcnt test specifications, and establish a standardized data exchange format to
facilitate the construction of a data base. To ensure maximum applicability, language differences have been taken into account

The benefits of this standardization programme include the opportunity to apply both "narrow-band" and "broad-band"
strategies (Hockey & Hamilton. 1983) to stress research. The narrow-band approach involves examination of the effects of a
variety of stressors on performance of a single task. and permits generalizations concerning the effects of stressors the broad-
band approach, in which the effects of a single stressor on various tasks is investigated, helps it) reveal subtle but important
differences between stressors. Data exchange will also permit examination of the effects of incidental variables such as age and
sex on test performance, and the inclusion of occupational information may permit application to personnel selection.

The AGARD STRES Battery is intended to inhibit neither the systematic manipulation of test variables that is of central
importance in theoretical research, nor the generation of new approaches to performance testing. Rather. its objective is to
provide a solid core of well-accepted performance tests for use by the applied researcher.

B. APPLICATIONS OF HUMAN PERFORMANCE TESTING

There are two broad classes of purpose for a battery of performance tests. It can be used to evaluate the effects of
environmental stressors, or to assess the information-processing abilities of individuals. To evaluate stressor effects, emphasis

-ilm .N
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is placed upon comparison of the performance of groups of subjects under control conditions to that under unfavourable
conditions such as sleep loss and fatigue; monotony and boredom; illnesses; toxic fumes; hypoxia: and alcohol anti other drugs.
The ultimate goal is to assess the extent to which a particular stressor influences performance in real-life situations. In the

assessment of abilities, on the other hand, interest lies in differences between individuals. This application is comparable to
classical test psychology. The individual's score is used as a measure of information-processing capability relative to that of
other individuals. Both applications depend upon the assumption that it is possible to generalize from performance on
laboratory tasks to that on practical tasks; in other words, that the variance of the performance measure is not test-specific but
relates to real life.

The AGARD STRES Battery is concerned primarily with stress research, the requirements of which differ in some respects
from those of ability assessment. To assess individuals, test measures should ideally be relatively insensitive to variations in
environmental conditions but sensitive to individual differences. To assess stressor effects, the opposite is true: performance
should fluctuate markedly when environmental conditions change, but the variance due to individual differences should ideally
be small. Figure I provides an illustration of both types of task.

Task A

assessment variance
of individual due to
capabitity stressors

~variance
due to

individuals

Task B

assessment varianceof stressors due to
" / stressors

_ variance

due to
individuals

Figure I. Differential sensitivity to stressors and individual differences. Task A is more sensitive to individual differences:
Task B is more sensitive to stressors.

In practice, a test may be found to be sensitive both to stressor effects and to individual differences, and for this reason the

potential application of the STRES battery to personnel selection will not be ignored.

C. HUMAN PERFORMANCE THEORY: SCOPE AND LIMITATIONS

The STRES Battery is not dependent upon a specific theoretical standpoint. Nevertheless. it is necessary to consider the

general nature of miidels of human performance. the mental processes that commonly used pcrfornance tests purport to
measure, and the ways in which these tests differ from real-life activities.

The aim of Human Performance Theory (HT) is to search for lawful relations between task variables and performance. his
has led to the development of a large number of information-processing models. Despite the differences between competing
approaches, it is relatively straightforward to extract common assumptions and ideas, and hence to arrive at a 'modal model' of
the organization of the human information-processing system.

The central assumption underlying most models is that man is a single information-processing system equipped ssith memory
stores, or an ensemble of such systems each with its own functional significance. This so-called computer analogy incorporates
the notion of limited capacity, which suggests both that mental processes are time-consuming and that the time required
increases with complexity. Thus 'mental chronometry', in which mental processes are investigated by dissection of reaction
time (RT)• is one of the most important tools of the performance theorist.

A very general information-processing model is that of the Perception-Decision-Action (PDA) cycle shown in Figure 2.
Perception and action are the input and output functions, respectively, with decision as the intervening process. Figure 3. which
shows the various stages of the reaction-time process in addition to some of the task variables affecting these stages. can be
considered a more specific elaboration of the PDA cycle.
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Perception

Figure 2. The Perception-Decision-Action model.

evaluation evaluation
mechanism

energetical arousal - activation
mechanisms

s timulus stimulus feature response motor response
processing preprocessing extraction choice adjustment

stages

feedback
experimental stimulus signal S-R time loops
varable5 intensity quality compatibility uncertainty

I igurc 3. Fu- rgs and structUre. The model shows the structure of the reaction process (bottom uie). and nergetncal uppi[,
to these structural elements. (Adapted from Sanders, I 9S3.)

In this model, the structural properties of infiirtnaion processing has.e leen expanded by taking into accoiunt the dimcnsiiin ot

energetical supply. The suppl, to perceptual structures is called arousal, and that to motor-related structures is called
icti ition. The concept it energetical supply, or amount of menial resources available to the information processing structures.
is % cr, important in the present context of stress research.

Sufficient resiiirccs for adequate task performance are normally allocated to processing structures with little conscious effort.

Stres,ors or suboptimal conditions. however. may hinder the supply of resources, either by reducing the total amount of energy.
ir b, directing the flow of energy to activities unrelated to. or even detrimental to. adequate task performance. Energ,

reduction has been postulated to occur under conditions of fatigue, boredom, and sleepiness; energy disersion under

onditions related to anxi.ty and worr\. As a consequence, tasks are not always provided with the necessary resources, and

infornatiion-prccessing performance swill suffer. The extent of perfoirmanace deterioratiii can be taken is in indication it the

effect, if the stressiir.

Strs,rs such as diazepam may have a relatively short-lised effect on performance (see Figure 
4
a). Cionsers'l. other strssor

may fail to produce performance degradation during the first few minutes if testing. The initial challenge and stimulatioi

proviued bN the performance test may. for example. he sufficient to counteract the effects of sleep loss for the first 5- li minutes

(sce F-igure 41hi, Indeed. in some studies an uninterrupted testing period of 20-301 minutes is lcessars to deitluitsliotc
degradation. The duration of tests in the STRFS Battery may be increased where appropriate. using multiples ol the
recimmended , alue.

It is important to recognize that inferences about the effects if strc.qors ha\e an indirect quality I-or exaai iuit. i. f tic efccts

it tatiuen is a deterioration of information processing (sec Figure 4b for an illustration). It is therefiire quite legitimate to sugeget
Ilall pecrfiormance tasks can bi,' tl d tli 1in sure fatigtue. i'w s cr. itie should bear in inind that ental performance nas also be

affected by other stressors. by differences in individual capability, an by amount of practice. A thorough kmuwlede ot the

situation is therefore essentil to demonstrate i ucquivocalls that the deterioration in performance is attributable to fatigue For

his reason, invesltgators try to manipulate the strcssor if interest but to eliminate confounding due to other stressor,.
iltsldual differences, and practice. Interpretation if menial performance is possible only in such conitrolled ens ironments

As discussed earlier, the STRFS battery is a sample from the paradigms developed in liPr. many of which depend upon

measurement (tf the time between presentation of a target stimulus and execution if a pre-defined response. In theoretical
research, task parameters are typically varied, in an otherwise constant environment, to extract general principles of humatn

perfirmance: ii applied research. however. task parameters are gcneraIll held constant itt a changing envirinment. to di,cover
the effects if external factors in performance. IIPT piaradigms have been used, for example. to establish that performance



I 0-1 mm 
1 17-24 mon

50-
600

9-15min
40

1-2 min
0 30 580 1-8 mn

rn I

a:- 20 ' r 560

-3m in

10

placebo diazepam normal sleep Loss
10mg

stressor condition

Figure 4. Performance a, a function of stressor condition. %%th timc on task is thc paramcter. Itt the left panc;. ifc cicl cet
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on RT increases as a function of timc on task.

dchnes s, ith age: that brain damae, minor illnesses such its colds or influenza, and emotional disturbanccs such as dcs.o M
And anxicts. all have advcrse effects on information processing and that personality characteristics ticth as cxtraNi.r,,si'
influence performance.

(lcarly, the tightly-constrained paradigms of HPI sample only a subset of human chasiomu. In tC follosAingt discusston, an
attempt will he made to place laboratory performance in a proper perspective. by considering the d iciniorlt of cm ntlctv\
and hierarch, in human information processing. These dimensions ntay be corrclatcd. since in iany sitUations contplc
processing will be associated with high levels it the hierarchy, whereas low hierarchical c%icl %till bc assocatated ih more
simple and well-defined tasks: such a relationship, however, is not inevitable.

Complexity of information processing is determined by the nature of the stimuli, the rule by which stimuli arc napped to
responses, and the type of response required. HPT paradigms use only highly-structured inforntation-prtesstng tasks. Sumuh
are well-defined units such as letters, words, or tones: responses are key-press reactions or vocal utterances, and stimulus-t-
response (S-R) mappings are unambiguously specified. Moreover, the tasks have well-defined starting and end points,.

Note that the clear definition of the stimulus does not imply easy identification. In vigilance tasks, for example, a signal defined
as a tone of exactly 0.8 seconds' duration may be embedded within a sequence of non-signals of 0.7 seconds' duration.
However, all HPT tasks exclude the ambiguity sometimes encountered in real-life activities, itt which the individual must
determine the exact nature of the situation before deciding whether action should be taken and, if so. what type of action is
required. They also exclude unusual and unexpected events to which novel responses must be generated.

Real-life stimuli may be more complex than those used in HPT paradigms. They may comprise many different elements.
perhaps requiring temporal integration over ling periods of time: they may be hidden or masked by other meaningful stimulus
patterns and they may occur unexpectedly. At extremely high levels of complcxity, the classification of stimuli may represent a
source oif contention even among experts. Examples include medical diagnosis based on subjective complaints, medical
examiiiation, and laboratory analysis, and the probl imm of identif, ing and interpreting political or economical emergencies.

Real-life responses and S-R mapping rules may also be more complex than those ot [tII| paradigms. The selection of a
appropriate response may require considetation of factors ranging from conventional "isduttn ii ecinonmic tieccessitics and
social or political consequences. It may be necessary ti discriminate between man, possible cturses of action, and this prmicss
may take much longer than is permitted by any laborat ory task. Alternatielb. the problem ma require the creation of an
entirely novel type of response, a 'divergent' solution rather than the-convergent solutiin required by performance test,.

The typical HPT task presents a repetitive succession of very similar but discrete S-R cyclcs. A real-life task, on the other had
may comprise a single S-R cycle. Moreover, real-life tasks may lack vell-defined starting or end points, and ma.t hare
cumulative aspects in which task difficulty depends tn past performance. In nitst pcrformance tests. svith the possible
exception of continuous tracking. fatigue and practice produce the only cumulative effect,.

The second dimension for a proper perspective on HPT is hierarchy of processing, itt which Perccptiitn-I)ecisittn-A.\ction
cycles occur at different levels. In a hiLarchical task, higher levels initiate lower lcscls, and Lotwer levels influence higher iccls
by providing them with feedback concerning their ueconies. L.ower-level processes can be changed or interrupted b higher
levels: such changes or interruptions can be understood only from the perspective tif the higher level, not from obser\ ing the
lower levels in isolation. The hierarchical nature of behaviour was emphasised by Miller. (alatner. aind Pribram II t( it). shuo
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argued that even simple activities such as hammering a nail into a piece of wood could be characterised as a hierarchy of TOTE
(Test-Operate-Test-Exit) units. An analogy can be drawn with military operations, in which high level strategy determine, the
choice of tactics, and may then be modified by the outcome of these tactics.

In summary, it is apparent that the focus of HPT is on the mechanisms of information processing rather than the influence of
environmental, social, emotional, or personality factors. Nevertheless, standardization of a particular HPT technique can
produce a test suitable for assessing the effects of environmental change. Since such a test depends upon tightly constrained
domains of stimuli and responses, and samples relatively low-level behavioural cycles, it is most relevant to well-defined real
life tasks. The activities of the aircraft pilot, for example, can be divided into sub-tasks that resemble HPIT-derived tests. When
controlling attitude, the pilot must extract signals concerning the position of the horizon, and make relatively simple manual
corrections. On the other hand, some practical tasks bear little obvious relationship to the mental processes mrnasured by
traditional performance batteries. For example, the complex decision processes required of the military commander are not
well represented by performance tests requiring specific responses to well-defined stimuli, In general, these tests are more
easily applicable to human performance in man-machine systems than to decision-making.
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CHAPTER 2

THE AGARD STRES BATTERY

A. FUNDAMENTALS OF PSYCHOMETRICS AND EXPERIMENTAL DESIGN

Psychological tests must satisfy certain psychometric criteria. Moreover, they must bc used within a sound experimental design.
The following notes are included for the guidance of those who wish to apply the AGARD STRES Battery to stress research,
but who have limited experience of psychological testing.

Psychometric principles

Any psychological test must exhibit the properties of validity, reliability, and sensiti ity. In other words, it must measure what it
purports to measure, do so consistently, and be capable of detecting the effects of the environment or of individual differences
in ability.

It is sometimes suggested that high reliability is undesirable in a test designed to exhibit intra-individual variabilit, under the
influence of environmental conditions. However, this is to confuse the notions of reliability and sensitivity: the former is
concerned with the amount of error variance in test scores, whereas the latter refers to variation induced by environmental
change. Thus, the test should have high test-retest reliability, indicating stability under constant testing conditions, together
with high internal reliability, but it should reflect changes in variables to which it is designed to be sensitive.

The reliability of a performance task may be affected by practice. Generally, task performance improves systematically until an
asymptotic level is reached, although additional but more subtle improvement may occur in the form of overlcarning (or, in
more modern terminology, a transition from 'controlled' to 'automatic' processing), during which the amount of mental
resources required to perform the task declines. The specification of each STRES task includes both a standard and an
abridged training schedule. It is strongly recommended that the standard schedule be adopted. to ensure that most of the effects
of practice are eliminated prior to the experimental phase. The abridged schedule may be used if practical constraints limit the
time available for testing. Since. however, some effect of practice is likely to be observed during the experimental phase.
particular attention must be paid to balancing the order of conditions.

The available evidence suggests that, after training. STRES task scores will achieve an acceptable level of reliability. High
reliability is a necessary, but not a sufficient, condition for high validity. In other words, the target attribute cannot he measured
adequately by a test that tails to provide consistent scores, and may not be measured adequately even by a reliable test.
Validation is therefore an essential component of the development of the STRES battery.

Construct validity is important in the present context. since it indicates the extent to which performance i, consistent with
theoretical predictions concerning the nature of the mental process that the tests are designed to measure. Approaches that s, ill
be adopted to investigate this and other aspects of the validity of the STRES battery are outlined in Chapter 4.

The existing evidence of reliability, validity and sensitivity is reviewed in the specification of each STRES test. In most
instances, this information is incomplete. Only the adoption of standardized test protocols Arill permit rigorous investieation of
the psychometric properties of the tests.

Experimental design

Any assessment of performance must obviously be conducted under ca, "fully controlled conditions. An 'independent'variablc
is manipulated systematically to discover its effect on a 'dependent' variable. In the present context, the major independent
variables, or 'factors'. are stressors or stressor levels, and the dependent variables are response measures provided by the
STRES Battery (see Figure 4).

Confounding

It is essential that variation does not occur simultaneously on two or more factors. For example, if, in a study of the effects of
noise, males were tested in quiet conditions and females were tested in noise, no conclusions could be drawn concerning the
source of performance differences between conditions, since confounding would exist between the factoi ; of sex and noise.

There are several solutions to this problem. For example, sex can be considered a nuisance variable and simply balanced in
each condition; or sex can be included as a factor and combined factorially with noise level (each sex performing in both quiet
and noise).

Interactions

If more than one experimental factor is present. the data should be analysed using a statistical technique such as analysis of
variance (ANOVA). which partitions the total variance in test scores into its separate sources. ANOVA permits the
investigation both of main effects (eg the overall difference between the performance of males and females regardless of noise
levels) and of interaction effects (variation in the effect of one factor, such as noise, at different levels of another factor, such as
sex).
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The possible presence of interaction effects must be taken into account during the construction of the experimental design.
Consider a hypothetical experiment in which sex has simply been balanced between conditions of noise and quiet. If noise
improved the performance of one sex but degraded the performance of the other, the experimenter might erroneously
conclude that noise had no effect on performance. Clearly, important variables that may interact with the stressor under study
should be included as factors.

Within-ant beiven-subjects designs

Consider a study designed to investigate the effects of a single night's loss of sleep. In its simplest form, the experimental design
would comprise two conditions: a control condition in which subjects are tested after a normal amount of sleep, and an
experimental condition in which subjects are tested after loss of one night's sicep.

One of the major design issues concerns whether each subject should perform in both conditions (within-subjects design), or
whether separate groups of subjects should be tested in each condition (between-subjects design). The within-subjects solution
is often favoured because each subject acts as his own control, reducing the possibility of confounding due to pre-existing
differences between subjects, and for the practical reason that fewer subjects need be enlisted.

If a within-subjects design were used in which all subjects were tested first in the control condition and then after sleep loss, the
beneficial effects of practice might mask the detrimental effect of loss of sleep. The conventional solution to this problem is to
balance the order of conditions between subjects (the 'AB-BA' design); in the present example half of the subjects would be
assigned to khe control condition first and half to the sleep loss condition first. However, this design is based upon the
assumption that the transfer between conditions is symmetrical, ie that the effect of practice between the first and second
conditions is identical regardless of the order in which the conditions are administered. Unfortunately, there is sometimes clear
evidence for asymmetical transfer effects (Poulton & Freeman, 1966). It may be found, for example, that initial performance
under stress leads to the adoption of inappropriate methods of completing the performance test that are carried over to the
subsequent control condition, whereas initial performance under control conditions produces an efficient strategy that permits
performance to be maintained even under stress. When a within-subjects design is used, therefore, the effect of condition order
should be examined for possible asymmetrical transfer.

Effects of expectation

Human performance may be influenced by the individual's expectations concerning the effects of stressors, Although ethical
considerations demand that subjects be pre-informed of the nature of the stressors to which they are to be exposed. the
experimenter should not, if possible, reveal to subjects the order in which the control and experimental conditions are
administered. Truly single-blind conditions can be achieved in some drug studies by means of a placebo. but not in studies of
stressors such as heat or noise that can be sensed directly by the subject.

B. CRITERIA USED IN THE SELECTION OF THE TESTS

The survey conducted by Sanders et al (1986) was used initially to identify general classes of test that were in common use and
that together would provide measures of a wide range of mental processes. Individual tests were then selected on the basis of the
following criteria:

I. Preliminary evidence of reliability, validity, and sensitivity.

2, Documented history of application to assessment of a range of stressor effects.

3. Short duration (maximum of three minutes per trial block).

4. Language-independence.

5, Sound basis in I I'

6. Ability to be implemented on simple and easily-available computer systems.

C. TESTS SELECTED FOR THE BATTERY

The following seven tests were selected on the basis of these criteria:

Reaction time

Several reaction time tarks satisfy the criteria listed above. The task selected was based on that appearing in the TNO Taskomat
Battery (Boer, Gaillard, & Jorna, 1987). since it provides separate measures of the stages comprising the reaction process.

Mathematical processing

Numerical ability has repeatedly been identified as a factor in factor-analytic studies of skilled performance. Several
mathematical processing tasks exist, but most require a numerical response. The Mathematical Processing task from the USAF
Criterion Task Set (CTS) and the UTC-PAB was chosen since its two-choice response is more suitable for computerized I
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presentation. This task measures the ability to manipulate arithmetical information, and so places demands upon working
memory.

Memory search

Many paradigms exist to investigate aspects of human memory. The Sternberg memory search paradigm was selected because
of its popularity in applied performance studies and its ability to indicate the loci of stressor effects.

Spatial processing

Spatial processing tests exist in a varicty of forms, some requiring complex hardware. The CTS/UTC-PAB version, which taps
visuospatial short term memory by requiring the subject to imagine rotations, was selected because of the well-documented
history of application of this general technique, and its ability to be administered using relatively simple hardware.

Unstable tracking

Tracking places demands primarily upon motor-related resources. Of the many tracking tests available, the CTS/UTC-PAB
version was selected because of its previous application to stress research, and its sound theoretical basis.

Grammatical reasoning

Some researchers have argued that mathematical and verbal reasoning tasks sample the same resource. However, it has been
reported that performance on these two types of test can be differentially affected by some stressors, including drugs (eg
Holland, Kemp, & Wetherell. 1978). Both types were therefore included in the present battery.

The STRES grammatical reasoning task requires the manipulation and comparison of grammatical information. It was based
on that described by Baddeley (1968), which has been used extensively to measure stressor effects. However, it was necessary
to modify Baddeley's method to ensure language independence. Specifically, the use of the passive voice was avoided, since this
construction is rarely used in German. To compensate for the consequent reduction in difficulty, the number of statements
within each problem was increased.

Dual-task performance

Division of attention between task components is an important element of many practical tasks such as flying, and there is
evidence that the allocation of mental resources is affected by stress. It was therefore considered essential to include in the
battery a measure of dual-task performance.

Since dual-task performance can be interpreted only in the light of performance on each task in isolation, the total
administration time of the battery was reduced by combining two of the tasks already included in the battery. Tracking and
memory search were selected because of their relevance to continuous control tasks, such as flying. in which there are periodic
demands upon working memory.

D. GENERAL SOFTWARE PARAMETERS

Each STRES task is designed for computerized administration. It is recommended that an overall controlling programme be
created to perform the following operations:

i) Request subject information: the information that is required for the data base (see Chapter 3, Section C) should
be entered.

ii) Present the tasks in the following, fixed, order:

I. REACTION TIME
2. MATHEMATICAL PROCESSING
3. MEMORY SEARCH
4. SPATIAL PROCESSING
5. UNSTABLE TRACKING
6. GRAMMATICAL REASONING
7. DUAL-TASK (UNSTABLE TRACKING WITH CONCURRENT MEMORY SEARCH)

The programme controlling an individual task should perform the following functions:

i) Present standardized instructions on screen of computer monitor.

ii) Present stimulus sequence according to test description.

iii) Store condition information and performance data on computer disk.

I



Each task specification includes a detailed description of its parameters and administrative protocol. A flow diagram is
included to facilitate the translation of the specification into computer code.

E. GENERAL CONDITIONS OF TESTING

The recommendations presented below should be followed as closely as possible, Deviations, where necessary. should he
recorded with the experimental data.

Stimulus display

Display elements should be presented in white on a dark background: the ratio of display element to background luminance
should be between 7:1 and 12:1. Alphanumeric characters should subtend a vertical visual angle of 15-211 minutes of arc,
which, at the recommended viewing distance of 0.6 metre. corresponds to a character height of 2.6-3.5 millimetres. Because of
the test batters dependence upon presentation of visual material, it must be ensured that subjects have normal or corrected-
to-normal vision.

Response devices

To run the tests comprising the STRES battery, four response keys and a joystick are required.

Depression of a response key should, where appropriate. cause RT to be recorded to the nearest millisecond. Non-latching.
push-to-make switches should be used, with a travel of three millimetres and an actuating force of 0.30-0.35 N, equivalent to
application ofa weight of 310-350 g. The response key configuration and finger assignment a. shown in Figure 5: the subset of
keys used in each task, with an indication of the response corresponding to each, appear in Table 1. To avoid confusion, the
keys should be labelled as appropriate for the task currently being performed.

If separate response keys cannot be interfaced to the computer, subjects' responses may be entered using the computer
keyboard, substituting keys W. I). J. and I for response panel keys A. B. C, and D, respectively. This alternative arrangement
should be adopted only if absolutels nccessarN, and should be recorded with the experimental data.

In the tracking task. the subject .oc, the joystick left or right to control the movement of a cursor on the screen of the
computei monitor. The joystitk tese and potentiometer should satisfy the following requirements:

i) The range of movement of the lever should be 30 degrees left and right from the vertical position.

ii) The friction of the moving parts should not exceed 50 g, and should be constant over the range of travel.

iii) The relationship between angular rotation of the joystick and lateral movement of the cursor should be linear fir the
entire range of travel.

i%) Analogue-to-digital conversion of joystick potentiometer values should be conducted to at least ti-bit resolution. In
other words, rotation of the joystick should produce at least 256 discrete values.

Testing environment

External disturbances should be minimized during administration of the battery. If subjects are tested in groups, the test room
should ideally be partitioned into separate workstations.

The position of the computer monitor relative to windows and sources of artificial light should be selected carefully, to avoid
reflections on the screen. The surface of the screen should be perpendicular to the subject's line of sight, and located 0.6 metre
from the eye; smaller or greater distances are acceptable if the size of individual characters is adjusted to maintain the visual
angle within the specified range. The seat height should be about 0.45 metre. and the height of the upper surface of the response
console about 0.75 metre.

25 80 25

A 0
SB CO25

Figure 5. Response key configuration (all distances in millimetres). Key A is operated by the middle finger of the left hand; key
B by the index finger of the left hand; key C by the index finger of the right hand; and key D by the middle finger of the right
hand.
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Table I. Response keys used in each task. Key letter codes correspond to those in Figure 5.

TEST KEYS USE[) KIY
ASSIGNMENT

REACTION TIME A-ID Varies with condition

MATHEMATICAL PROCESSING C. I) Right-handed subjects:
or C: <

A,B D: >
Left-handed subjects:
A: >
B: <

MEMORY SEARCH A. B Right-handed subjects:
or A: YES

(' 1) B: NO
Left-handed subjects:
C: NO
D: YES

SPATIAL PROCESSING C, D Right-handed subjects:
or C: SAME

A. B D: DIFFERENT
Left-handed subjects:
A: DIFFERENT
B: SAME

UNSTABLE TRACKING

GRAMMATICAL REASONING C, D Right-handed subjects:
or C: SAME

A. B D: DIFFERENT
Left-handed subjects:
A: DIFFERENT

B: SAME

DUAL-TASK A. B Right-handed subjects:
or A: YES

C. D B: NO
Left-handed subjects
C: NO
D: YES

Training

Performance changes significantly as a task is learned. To avoid confounding between the effects of stressor, and of task
learning, the latter must be minimized or at least controlled. Ideally, subjects should practise the task until their performance is
stable. The tasks comprising the STRES battery differ in the amount of practice necessary to achieve stability, and the
mimimum requirements for each are specified in the task descriptions. If it is impossible to meet these requirements, an
abridged practice schedule must be used to familiarize subjects with the task. Under these circumstances, particular attention
must be given to inclusion ofa suitable control group that is not exposed to the stressor but is otherwise tested under conditions
identical to those of the experimental group. Moreover. if a within-subjects design is used in which each subject acts as his own
control, the order of control and experimental conditions must be carefully balanced. Since the standard practice schcdule is
likely to produce more satisfactory results, the abridged schedule should be used only if absolutely neccssar\.

Task duration

The total duration of each task during the experimental (post-practice) phase is showi in Table 2. together ssith a suimar\ of
the amount of practice required, It is desirable to adhere to the duration specified for each trial block. I loscs er. if the effect,, of
a stressor are unlikely to become apparent within this limited time period, a multiple of the specitied saluc may be used.



Table 2. Summary of duration of each task during experimental essions. and amount of practice required.

Total duration of Standard Abridged
experimental test practice practice

session schedule schedule
Task (minutes) (blocks) Iblocks)

Reaction Timt 15 Basic: 16 Basic: 4
Other conditions: Other conditions:
4 each 4 each

Mathematictl Processing 4 10 2

Memory Search 1 l(l for each 2 for each
riemiory set sine memiory set size

Spatial Piocessing 4 0 2

Unstable tracking 4 I0 2

Grammatical Reasoning 4 8 2

Dual-task 8 5 for each 2 for each
memory set size nmemiuory set size

F. TASK SPECIFICATIONS

REACTION TIME TASK

Purpose

The purpose of the Reaction Time (RT) task is to test the separate stages that c omprise the reaction process. lBaic RI is
measured first. followcd by four blocks of miore complex trials. cach loading a specific stage of the reaction procetss. The RI
differences between complicated and basic blocks gisc specific information about he effect of Iiading 1tLur specific stages.

General Description

Digits are presented on a computer monitor, it at the tinte. The subject reacts iiv each digit b prcsing the appropriate key% n
the response panel. S-R mapping is based on a) position of the digit, either left or right. and b) idetntity of the dicit. Manipulated
across trial blocks arc the following task .ariables: stiniulus quality, compatibilit of S-R mapping, time uncertainty abtti
stimulus onset, and responset complexity.

Background

The idea that the process between stimulus presentation and overt reaction contains a number of discrete steps or stages is an
old one. The first experimental studies on the duration of mental processing stages are attributed to Donders (1868). who tried
to estimate the duration of decision processes by subtracting simple (non-choice) reaction times from chitice reaction times.
Donders' work "was at least partly stimulated by a) Muller's incorrect pronouncement that nerve transmission time was
"infinitely short" and could not be measured, b) I felmholtz's subsequent measurement of nerve conduction velocities and c)
Hirsch's work on simple reaction times (Massaro. 1975). At the turn of the century Kulpe and co-vorktrs criticized the
subtractive methoid on the basis of introspective reports that it affected the 'Gestalt' of the tasks. Interest in Dutders method
then waned, and was revised 100 year% after it was first repurted. Significant events were Potsner and Mitchell's analyis of
stimulus matching times in 1967. and initiation of the Attention and Performance symposia. The first three symposia were held
in the Netherlands in the late sixties. The second, called the Donders Centenary Symposium on Reaction Time, contained
contributions by Posner, Sanders, Sternberg. Welford. and many others. Especially important was Sternbcrg's 'Extensions if
Donders' Method' (Sternberg, 1969b), which introduced the Additive Factor Method. 'he new method %kas based on the
premise that processing stages can be identified by inestigating the relation between different task variables rather than
between different tasks as proposed by I)ttnders.

The Additive Factor Method became an influential research method, and many studies on the effects of task variables were
conducted. At least five different stages, or groups of stages, were identified, associated with (a) stimulus prtcessing or
encoding. (b) response choice, (c) motor programming. (d) motor activation, and (c) response execution. Based on these
results, the following four task variables were selected for the current RT task: stimulus quality, compatibility of stimulus-to-
response mapping, time uncertainty concerning stimulus onset, and response complexity. Figure 6 illustrates houm these
variables are assumed to map onto processing stages.
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stimulus response~t

choice i pr og r a m m in g J activation I executionj

I I I I

stimulus SR compat- response time
quality ibility complexity uncertainty
(coded) (inversion) (double)

Figure 6. Stages of the reaction process, and the effects of some task variables.

Reliability

Split-half reliabilities for the Reaction Time task were computed by comparing scores in the first and second two minutes of a
four-minute block. Data were obtained from a group of 158 subjects, aged between 18 and 19, of whom 14 were female.
Reliability of mean RT for the Time Uncertainty block was 0.81. probably because the slow and irregular stimulus presentation
decreased the number of trials completed; for the other blocks, it lay between 0.88 and 0.92. Error percentages were less
reliable (1.32 for Time Uncertainty; 0.61-1.73 for the others).

More important are the split-half reliabilities of the difference scores corresponding to specific stages of the reaction time
process. Reliabilities of these differences were between (0.62 and 0.74; reliability of response execution time was 0.94.

Validity

The question of validity is concerned primarily with the adequacy of the Additive Factor Method. The rationale of the Additive
Factor Method is that two task variables are inferred to affect separate processing stages if they have additive main effects on
RT, that is, if the size of the effect of one variable does not depend on the level of the other; and are inferred to affect at least one
common processing stage if they have interactive effects on RT, that is, if the size of the effect of one variable does depend on
the level of the other.

The four variables of the current task were tested in 2x2 factorial combinations as a final check on additivity. As shown in
Figure 7. no interactions were obtained, supporting the claim that each variable affects a separate stage. Response execution
time (not shown in the figure) was 552 milliseconds.

Sensitivity

The RT task has been shown to have non-specific sensitivity to factors such as fatigue and sleep loss, old age, brain damage, and
a variety of drugs including barbiturates, amphetamines, and antihistamines (eg Boer, Ruzius, Mimpen, Bles, & Janssen, 1984;
Gaillard. Gruisen. & de Jong, 1986; Gaillard, Rozendaal. & Varey, 1983; Gaillard, Varey, & Ruzius. 1985; Gaillard &
Verduin. 1983; Moraal, 1982). Effects related to particular stages of the reaction process are somewhat more rare. but have
been reported for the encoding stage by Logsdon, Hochhaus, Williams, Rundell, and Maxwell (1984), by Sanders, Wijnen, and
van Arkel (1982), and by Steyvers (1987) with regard to sleep deprivation; by Frowein, Gaillard, and Varey (1981) with regard
to a barbiturate; and by Stokx and Gaillard (1986) with regard to brain damage. Effects specifically related to the response-
choice stage have been reported by Sanders et al (1982) for sleep deprivation; and by Stokx and Gaillard (1986) for brain
damage. Effects specifically related to the motor-activation stage have been reported by Frowein, Reitsma. and Aquarius
(1981) for sleep deprivation, and by Stokx and Gaillard (1986) with regard to brain damage. Specific effects on response
execution have been reported by Frowein (1981) and Frowein et al (1981) for an amphetamine.

Technical Specification

A flow diagram of the structure of the task appears in Figure 8. The stimuli are shown in Figure 9. The subject places index and
middle fingers of both hands on the response keys, as indicated in Figure 10. The response required to each stimulus is shown in
Figure 11. Note that digits appearing on the left side of the screen require left-hand reactions, and that those appearing on the
right side require right-hand reactions; this arrangement constitutes compatible S-R mapping. The distance between the left
and right stimulus positions is 63 millimetres centre to centre; the size of the individual stimulus is 57 x 46 millimetres,
including the rectangular frame.

Each trial has the following structure: I ) the stimulus is presented for one second; 2) the screen blanks for one second; 3) if the
subject responds incorrectly within the first second, a feedback message (comprising the word 'error' or its equivalent) is
presented immediately after the one-second stimulus presentation period; if the subject responds incorrectly during the blank
interval, or fails to respond within two seconds of presentation of the stimulus, the feedback message is immediately presented
for 0.5 second. The interval between presentation of successive stimuli is always at least one second. Trial duration is therefore
two seconds if the subject responds correctly during this period, but may be lengthened by up to 0.5 second if an incorrect
response, or no response, is made (see Figure 12). In each trial block, the stimulus is equally likely to be 2 3. 4. or 5. and is 5
equally likely to appear on the left or right.
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Figure 7. Experimental checks on the additivity of task variables. RT is shown as a function of stimulus quality (top panel), S-
R compatibility (middle panel), and response complexity (bottom panel). Upper lines (open circles) refer to more complex
conditions (inverted, double responses. time uncertain): lower lines (filled circles) refer to simpler conditions (noninverted,

single response, and time certainty).
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Figure 12. Stimulus. response. and feedback: the three components of a trial in the Reaction Time task.

Incomplete responding may occur il the Double Responses block, where each stimulus requires, a predefined sequence (t
three key-presses. Failure to complete the sequence before the blank period expires triggers the feedback message (Figure 12).

Trial blocks are of two-minute duration, and usually comprise 611 trials. Each block begins with a brief announcement
reminding the subject of the nature of the experimental condition. After 15 seconds, a flashing message instructs the subject to
initiate the block by pressing one of the response keys. The first seven trials are for "warming up'. and are excluded front
subsequent analysis. The message 'end of block' is presented on the screen after the final response.

The standard procedure consists of an instruction phase of about five minutes, followed by the practice phase. a break of at
least five minutes, and 15 minutes of data collection. Experimental data collection is conducted in four complcx blocks leg

'Coded') preceded and followed by a Basic block. yielding a total of six blocks.

The blocks are administered in the following order:

I. Basic: The S-R mapping is as shown in Figure tI1. Stimulus quality is normal, and the inter-stimulus interval %aries from
two seconds (for a correct response) to a maximum of 2.5 seconds (for an incorrect response or a response failure).

2. Coded: Identical to Basic, except that stimulus quality is low. Each of the four degrade(] versions of each digit is equall,
likely to be presented.

3. Time Uncertainty: Identical to Basic, except that a) stimuli are presented irregularly by means of variable interstimulus
intervals (ISIs) chosen randomly to assume any integer value between 2000 and 10000 milliseconds. and hence b) there
are approximately 22, rather than 601. stimuli.

4. Double Responses. Identical to Basic, except that, instead of a single key-pres for each stimulus, three keys must be
pressed in a particular order. For example, a 2 on the left side of the screen, normally requiring a single key-press with the
left middle finger, now requires the following sequence of key-presses: left middle, left index, left middle. Thus. the normal
A response is replaced by the ABA sequence; BAB replaces the B response: CDC the C response: and DCL) the 1)
response. RT is defined as the interval between stimulus onset and first key-press response: response execution time is the
interval between first and last key-press.

5. Inversion. Identical to Basic, except that the S-R mapping is made incompatible by requiring it left-hand key-press
response for stimuli on the right side of the screen. and a right-hand key-press response for stimuli on the left side of the
screen. For example, a 2 on the left side of the screen requires depression of key C by the right index finger.

6. Basic (during data collection phase only).
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Data Specification

The RT for each trial is coded as positive for a correct response, negative for an incorrect response, and 0 for a response failure.
Recorded for every trial are 1) a stimulus-code (digit identity, position, and quality); 2) a response code (key identity); and 3)
RT.

For each block, the following summary statistics are calculated: a) mean RT for correct responses; b) the standard deviation
(SD) of RTs for correct responses: c) number of trials; d) percent errors (excluding response failures); and e) percent response
failures.

Normative Data

Normative data have been collected for 451 subjects. including 26 females, aged between Iri and 32 years (mean - 2 l.f). thc
standard procedure was followed except for some details, the most notable of which was the use of four-minute rather than t,(-
minute blocks,

Mean RT in the first and second basic block was considered a nonspecific component (or remnant) of the reaction process: the
differences between mean basic RT and mean RT in each ofthe four complex blocks were considered to represent measures Wt
four specific stages of the reaction process.

As shiin in Table 3. fise performance esaluation categories were defined. These vtere based on frequenc. distributions molhe
individual subjects. Categorius were tentatively labelled as very good. good. average, poor, and 'very poor'. Each catcgor i,
based on the range of performance achieved by 20",. (if the subjects. Thus 'good'. for example, represents the '91) subiects falling
%ithim the 6ilth-80th percentile range. The table also gives percentage error, unless reliabilitv was belhv 0.410.

Table 3. Normative data for the RT task (n=45(). Evaluation categories are based on frequency distributions "Ver good" is
the performance level of the best 20",, of the subjects. "good the performance level of the next 20'%, and so on. All scores

except Basic RT are difference scores between complex and basic blocks.

evaluation category
split-hal

v. good good average poor V. Poor reliability

RT in milliseconds

Basic RT (566 566-602 603-642 643-692 >692 0.95
Encoding < 65 65- 84 85-105 106-139 >139 0.67
Resn. Choice ( 60 60- 86 87-107 108-134 )134 0.74
Motor Prog. < 16 17- 41 >41 0.65
Motor Act. < 57 57- 86 87-113 114-139 >139 0.62
ResD. Exec. (445 445-507 508-557 558-630 >630 0.94

Percent error

Basic RT < 1,0 1.0-1.8 1.9-3.2 3.3-5.4 >5,4 0.78
Encoding ( 0.8 0,9-2.4 2.5-5.4 5.4-11.5 >11.5 0.49
Resp. Choice< 1,8 1.9-3.8 3.9-6.4 6.5-9.5 >9.5 0.52
Motor Prog. <= 0.5 )0.5 0.43

Training Requirements

Some studies have investigated the effects of extensive training on the Reaction Time task. Boer ( 1987) tested 32 subjects using
blocks of 24 minutes (n separate days. Blocks contained a random mixture of normal anti low-quality stimuli. RT during the
first eight minutes decreased over blocks. Relative to the initial level of Block I. decrements of I 1",, 16"', and 19%, were
observed during tie initial periods of Blocks 2.3, and 4. respectively. suggesting that performancemay reach istable level after
some 21100 trials.

Fewer training data are available for specific effects. There is a clear suggestion that training reduces the effect of stimulus
quality. For example, when 12 subjects completed two 640-trial sessions on four successive days, the degradation effect was
reduced from 1117 milliseconds in the first session to 85 milliseconds in the last.

The standard training schedule for this task comprises 16 blocks of the Basic condition, followed by fotur blocks of each of the
remaining conditions. The abridged schedule comprises administration of four Basic blocks followed by one of each remaining
condition. No data are collected during training.

i5
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Instructions to Subjects

This is a test of the speed and efficiency of your reactions, You siould respond as quickly as possible. but avoid errors. Slow
down a little if you start to make errors, because this probably means that you are going beyond Nour capacity, but don't be tool
concerned about an occasional error.

After you have read these instructions, you will be given the opportunity to practise the lask. Ihis will be folloaed bs about 15
minutes of actual measurement of your performance.

Before the task begins. you should place your fingers on the response keys as illustrated in the diagram hcloa. and respond to
each signal or stimulus appearing on the computer monitor by pressing one of the keys.

The diagram indiate

how you should plice

A D the fingers of vour
...... left hand -n buttons

(B) (C) IA and B, and the
fingers of your right

0 0 Ihand on buttons C and
1 0 0 1 I D. Keep your fingers

Ill j 1 I there as long as the
.9 ii I I I I. ltask runs- -reactions
[ Ii r H I L 1_are faster that way.

g• I II / I

S/ \
.I I /

The diagram indicates how you should place the fingers of our left hand oo buttons A and B, and the fingers of your right hand
moU butions C and D. Keep your fingers there as long as the task runs - reactions are faster that Aa.

If a signal appears on the left side of the screen, use your left hand. Ifa signal appears on the right side. use your right hand. So,
digit position (left/right) immediately tells you which hand to use. The signals are the digits 2-5. Use button A or C for *low'
digits (2 and 3) and button B or D 'or high' digits (4 and 5). The combination of hands and fingers is as follows: Suppose you get
a 3" on the left side of the screen. Left side means left hand, so it can only be button A or B. Digit 3 is low, so that means it has to
be button A. Another example: If you get a '4' on the left side. you react with button B. The diagram below illustrates the rules (if
the task.

121 4 1

I 3 II 4 I I 2 II 5 I

S151 131

AD

lB ClII II I I II
_1 II I I II I

S/l I II ! I II I I

I I \I
I / \I

\I I /
* /

In each measurement block, you should respoid by pressing the appropriate key each time a signi.. appears. Keep your fingers
on the response panel throughout each block, and relax during the short breaks between blocks.

The blocks are:

L 1. Basic block. You already know what to do in a basic block.

r "" r t
2. Coded block. Same as Basic. but the digits

are more difficult to see. The diagram. ,
shows some examples.

3. Time Uncertainty. Same as Basic, but the digits come at irregular times, and sometimes unexpectedly.
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4. Double Reaction. Same as Basic. but you press three buttons for every digit. The rule is this: The first button is the
regular one. as in Basic; the second is the other one on the same hand; the last is the same as the first. For example.
suppose you get a *4' on the right side. The regular button is D. So now you press DCD in that order. To sum up: ABA
instead of just A; BAB instead of B; CDC instead of C: and DCD instead of D.

5. Inversion. Use the left hand if the digit is on the right side and use the right hand if the digit is on the left side. The rule
left side - left hand; right side - right hand is now reversed.

6. Basic. The last block is Basic again.

Before each block begins, you will be reminded what you have to do. Place your fingers on the response keys. press one of the
keys, and the block will begin. Go as fast as possible, but mind the errors.

Please press any response key to proceed.

Instructions given immediately prior to a Basic block:1

THIS IS A BASIC BLOCK. Remember:

Ifa signal appears on the left side of the screen, use your left hand. Ifa signal appears on the right side, use your right hand. So,
digit position (left/right) immediately tells you which hand to use. The signals are the digits 2-5. Use key A or C for 'loN" digits
(2 and 3), and key B or D for 'high' digits (4 and 5). The combination of hands and fingers is as follows: Suppose you get a'3' on
the left side of the screen. Left side means left hand, so it can only be key A or B. Digit 3 is low, so that means it has to be key A.
Another example: If you get a "4 on the left side, you press key B.

Please place your fingers on the keys, and press any key to begin the block.

linstructions given immediately prior to a Coded block:)

THIS IS A CODED BLOCK. Remember:

In this block, the digits are more difficult to identify, but the task is otherwise the same as in the Basic block. So if the signal
appears on the left. use your left hand; if it appears on the right, use your right hand. Use key A or C for 'low digits (2 and 3). and
key B or I) for *high' digits (4 and 5).

Please place your fingers on the keys, and press any key to begin the block.

[Instructions given immediately prior to a Time Uncertainty block:!

THIS IS A TIME UNCERTAINTY BLOCK. Remember:

In this block, the digits are presented at irregular intervals, but the task is otherwise the same as in the Basic block. So if the
signal appears on the left, use your left hand; if it appears on the right, use your right hand. Use key A or C f,,r 'low' digits (2 and
3), and key B or D for 'high' digits (4 and 5).

Please place your fingers on the keys. and press any key to begin the block.

lInstructions given immediately prior to a Double Reaction block:!

TIHS IS A DOUBLE REACTION BLOCK. Remember:

In this block, you press three keys for every digit (ABA instead of A. BAB for B. CDC for C, and DCD for D). but the task is
otherwise the same as in the Basic block. So if the signal appears on the left. use your left hand; if it appears ott :he right, use your
right hand. Press ABA or CDC for 'low' digits (2 and 3), and BAB or DCD for 'high" digits (4 and 5).

Please place your fingers on the keys. and press any key to begin the block.

IInstructions given immediately prior to an Inversion block:]

THIS IS AN INVERSION BLOCK. Remember:

In this block. you use your left hand if the digit appears on the right, and your right hand if it appears on the left. but the task is
otherwise the same as in the Basic block. So press key A or C fur 'low' digits (2 and 3). and key B or I) for 'high' digits (4 and 5).

Please place your fingers on the keys. and press any key to begin the block.

I
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MATHEMATICAL PROCESSING TASK

Purpose

The purpose of this mental arithmetic task is to place demands upon processing resources associated with working memory.

Specifically, the subject is required a) to retrieve information from long term memory, b) to update information in working
memory, c) to execute arithmetical operations sequentially, and d) to perform numerical comparisons.

General Description

This test requires subjects to perform two arithmetical operations, addition and/or subtraction, on a set of three single-digit
numbers, and to determine whether the answer is greater than or less than five. Problems are presented in the centre of the

monitor screen in a horizontal format (fg 5 + 3 - 4 =); the subject is instrcted to solve the problem working from left to right.
and to press the key marked ') or ''. The duration of each trial block is three minutes. On each trial, RT is recorded from onset
of the problem to execution of a response.

Background

The present test, developed by Shingledecker (1984), requires the execution of two mathematical operations (addition and or
subtraction) within a given problem. In this section, the literature on mathematical processing is reviewed briefly.

Chiles, Alluisi, and Adams (1968) developed a mathematical processing task, requiring both addition and subtraction, for use

in the assessment of mental workload. This task was included in the Multiple Task Performance Battery (MTPB) with other
cognitive tasks such as auditory vigilance, warning lights, meter monitoring, problem solving, choice reaction time, tracking,

and pattern discrimination; it was used in multi-task studies to examine subjects' time-sharing ability (eg Chiles & Alluisi. t 979;

Chiles, Bruni, & Lewis, 1969; Chiles & Jennings. 1970; Hall, Passey, & Meighan, 1965).

Perez (1982) examined working memory storage and processing in the solution of multi-operation problems. RT and accuracy
for problems involving three operations (combinations of addition and subtraction) were examined in five experiments. The

arithmetical notation (eg algebraic or reverse Polish) was varied to investigate subjects' ability to manipulate arithmetical
information. The results showed that a) errors in computation were a function of loss of operand information (the digits) and
confusion between operations (eg adding instead of subtracting): b) RT was a function of the number of different operations in
a problem (e.g., +-+ was slower than +++); and c) after very little practice with the unfamiliar reverse Polish notation, which

minimizes transient memory load, performance was superior to that obtained with algebraic notation.

Wanner and Shiner (1976) also employed multi-operation problems in the study of working memory. Their experiment
focused on the transient memory load imposed by problems involving two operations of subtraction, with parentheses

appearing either on the left, as in (5-4)- 1, or on the right, as in 5-(4- 1). Each problem appeared sequentially, from left to right,
and was interrupted at various points by presentation of a series of words; subjects were then required, with equal probability.

to solve the problem or recall the words. Wanner and Shiner found that errors on the word-memory task and the mathematical
task were related to the transient memory load imposed by pending operations. For example, the transient memory load for the
right-parentheses problems is greater than that for the left-parentheses problems, since subjects must defer computation until
the entire problem has been presented.

Finally. Shingledecker (1984) used multi-operation mathematical reasoning problems in the development of a standardized
loading task. Three distinct levels of task demand were selected empirically on the basis of RT and accuracy data obtained for
factorial combinations of total number of operations and sequence of addition and subtraction operations within the problem.
The version of the task used in the STRES Battery corresponds to the moderate demand level identified by Shingledecker.

The Mathematical Processing task is assumed to tap primarily central processing resources ('higher mental processes'); its
demands on input and output stages are minimal. Performance on the task may be broken down into four processing stages: a)
retrieval of arithmetical information from long term memory, b) updating of information in working memory, c) sequential

execution of arithmetical operations, and d) numerical comparison. These processes are considered in more detail below.

Ashcraft and Battaglia (1978), Ashcraft and Stazyk (1981), and Stazyk, Ashcraft, and Hamann (1982) have investigated the
role of retrieval from long term memory in the solution of simple arithmetical problems by adults. It appears that adults rely on
a well organized memory structure rather than procedures such as counting; in effect. 'mathematical tables' are stored in their

long term memory.

Problems involving multiple operations require subjects to carry out different arithmetical operations rapidly and sequentially.

They must also maintain and update a sequence of sub-totals. For example, the problem '7 + 2 - 3 + I - 4' produces the
sequence 9,6, 7. 3. This type of activity requires both storage (eg Wanner & Shiner, 1976) and processing in working memory.
Previous research (eg Perez, 1982) has shown that transitions from one operation to another (eg +,-) require more time than

sequential use of the same operator (eg +,+). perhaps because of a memory priming effect for arithmetical operations.

The processes involved in comparison of an internally generated answer against a standard value were investigated by Restle
(1970), who required subjects to compare the sum of two numbers (A + B) to a standard (C) and select the greater of the two.

Response latency was inversely related to the numerical difference between the sum and the standard, suggesting an analogue

operation in which the magnitudes (A + B) and C were mapped onto an internal number line prior to comparison.
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Reliability

Reliability information for the STRES version of the Mathematical Processing task has been provided by Schlegel and Gilliland
(in press). They reported a reliability coefficient of 0.85 for a group of 123 subjects who had practised the task for five three-
minute blocks of trials, one block per day. The reliability was estimated between data collected on two separate days after the
five practice blocks, with one day separating the two tests.

In addition, reliability data have been obtained in a paper and pencil arithmetic test involving addition or subtraction of two
three-digit numbers, multiplication of two two-digit numbers, and division of a four-digit number by a two-digit number
(Scales, Kennedy, & Bittner. 1980). Eighteen subjects were tested on 15 consecutive days. completing 64 problems per day
during the first seven days and 96 problems per day thereafter. Performance (total number of problems attempted. total
correct, and correct minus wrong) showed improvement over the first nine days of testing and remained stable thereafter. In
addition, the inter-day correlations for the above three measures were relatively high (mean r - 0.935. (.941, and 0.92 1,
respectively).

Chiles, Jennings, and Alluisi (1978) reported reliability coefficients for a multi-operation task requiring the addition of two
two-digit numbers and the subtraction of a third two-digit number (eg 12 + 15 - 13 -). There were 94 subjects in this study.
but only 51 were tested on two consecutive days. Subjects received 15 minutes of practice before the start of testing. The
arithmetic task was performed in conjunction with a problem solving, manual tracking, or monitoring task. The authors
computed reliability coefficients by correlating performance on the mathematical task across all task combinations. The
average correlations for those subjects tested for one day were 0.73 and 0.82 for solution time and accuracy, respectively; for
those subjects tested on two consecutive days, the average correlations were 0.91 and (.71 for solution time and accuracy,
respectively.

Validity

As discussed above, research with single-digit addition problems (eg Ashcraft & Stazvk, 1981 ) has supported the hypothesis
that adults solve simple addition problems by recourse to information stored in long term memory. Moreover. research with
multi-digit addition problems (eg Hitch. 1978) has shown that complex mathematical problems are solved in a series of
elementary steps requiring storage in working memory.

Chiles et a] (1978). using multi-operation problems. reported a pattern of dual-task interference consistent with the notion that
mathematical processing taps working memory resources. Performance on an arithmetic task was poorer with a concurrent
code lock solving task than with a concurrent manual tracking task that placed demands primarily upon response-based
resources.

Sensitivity

The STRFS version of the Mathematical Processing task has been employed in the study of the effects of caffeine and 24 hours'
sleep loss. Schlegel and Gilliland (in press) reported significant increases in RT in a study using two mg/kg and four mg/kg
caffeine with three levels of difficulty of the Mathematical Processing task, including the level of difficulty specified for the
STRES battery. They also found that sleep loss produced significant slowing of RT in this task over all three levels of difficulty.
and for the specific level of difficulty used in the STRES battery.

Data are also available for tasks similar to that used in the STRES battery. Repko, Jones. Garcia, Schneider, Roseman. and
Corum ( 1976). for example. reported an effect on mathematical processing of exposure to methyl chloride (35 parts pr
million).

The pattern of dual-task interference noted by Chiles et al (1978) suggests that mathematical processing is likely to be most
sensitive to stressors that affect working memory. This conclusion is, however, tentative. More detailed evidence of sensitivity
will emerge as the STRES data base accumulates.

Technical Specification

The structure of the task is illustrated in Figure 13. The duratiori ot each trial block is three minutes. Problems arc presented in
the centre of the monitor screen, and comprise three operands (each a single digit) separated by two arithmetical operators (+
or -) and followed by =. Each character subtends 15-21) minutes of arc at a viewing distance of 0.6 metre. The operands and
operators comprising each problem are randomly selected with the following constraints: I) only the digits 1-9 arc used: 2) the
correct answer may be any number from I to 9 except 5; 3) the answers 'less than 5' and 'greater than 5' arc equiprobable within
a trial block; 4) cumulative intermediate totals, working from left to right, must have a positive value: 5) the same digit must not
appear twice in the same problem, unless it is preceded by the same operator on each occasion (cg +3 and +3 is acceptable; +3
and -3 is not): and 6) the sum of the absolute value of the digits in a problem must be greater than 5. Example problems are
shown in Table 4.
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Table 4. Examples of problems in the Mathematical Processing task.

Problem Correct response
6-5+2- <
9-1-2- >
2+6-4- <

MATHEMATICAL PROCESSING

0 00G
SETER STORE T. STORE RT-

o

MIN URSESIO STIMULI 8 STORE RESP;O

TRIAL RESPONSE STORE STIMULI

RUN SET-UP CHECK 3 NO

TASK CLOCKS IN LIMI-,

4 YE S

SEPINE DISPLAY DISPLAY

VARIABLES DATA MENU
SCREEN

VIEW, SAVE,

SET-UP DATA CHECK OR PRINT RAW

ARRAYS KEYPRESS NO DATA OR

CALCULATE STATS

SE-PREAD CLOCK *1 RUN
STIMULUS AEW TUIT

ARRAY AND STORE RL

3 YES

READ IN PRESENT STIMULI0
STIMULI AND a

RANDOMIZE START CLOCK *

CHECK CHECK
DEFINE KEYPAD PAD P0R DEADLINE

BUTTONS KEYPRESS NO TIME NO

IYES 
YES

STOLCLCY STOP CLOCK *
SUBJECT

CLEAR SCREEN CLEAR SCREEN

ENTRY SCREEN

0 ~0 0
Figure 13. The structure of the Mathematical Processing task.

The subject responds to each problem by pressing one of two keys to indicate whether the answer is greater than ()) or less than
1)5. A sample stimulus display is shown in Figure 14.
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3 7-4=

Figure 14. Example of the stimulus display in the Mathematical Processing task.

Experimental and practice trials have the following structure: 1) a problem is presented in the centre of the monitor screen; 2)
as soon as the subject responds, or a deadline of 15 seconds has elapsed, the problem is erased; 3) the screen blanks for an
interstimulus interval varying ran,4 nrly between 3000 and 5000 milliseconds; and 4) a new problem is presented.

Demonstration trials differ from the experimental and practice trials as follows: I) as soon as a response is made. the problem is
accompanied by an indication of the correct solution, the response made, and the RT(see Figure 15) 2) this feedback remains
on the screen until the subject presses either response key to initiate the variable ISI. as in step (3) above.

After the final trial in any block, the message 'end of block' appears in the centre of the screen.

0
Your response > c

Correct response >
Reaction Time 538

Figure 15. Example of feedback given during demonstration blocks in the Mathematical Processing task.

Data Specification

Each RT is coded as positive for a correct response, negative for an incorrect response, and (i for a response failure. For every
trial within a three-minute trial block, the following data are recorded: I) composition of the problem, and 2) RT.

The following summary statistics are determined for each block: a) mean of all correct RTs; b) SD of all correct RTs; c) mean of
correct RTs for response 'greater than'; d) SD of correct RTs for response 'greater than'; e) mean of correct RTs for response
'less than': f) SD of correct RTs for response 'less than'; g) number of'greater than' problems completed; h) number of'less than'
problems completed; i) percent errors to 'greater than' problems ;j) percent errors to 'less than' problems; k) percent response
failures for 'greater than' problems; and I) percent response failures for 'less than' problems. In the calculation of error rates (i-
j), response failures are excluded.

Training Requirements

Subjects are given the opportunity to read the instructions, and are then presented with 10 demonstration trials. During these
trials, the experimenter should monitor the subject's performance to determine whether the instructions are being followed. In
particular, it should be ensured that the problems are solved from left to right to avoid negative intermediate results, and that a
suitable speed/accuracy compromise is maintained.

Three-minute practice blocks are then administered. The standard training schedule is 10 blocks, the abridged schedule is two
blocks.

To summarize, the following procedure should be adopted:

I. Present instructions to the subject.

2. Run the demonstration trials, monitoring the subject's performance to ensure that the instructions are being followed.

3. Run the practice trial blocks.
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Note that, if the task is administered to the subject in several sessions, the demonstration and practice trials should be omitted
after the first session.

Instructions to Subjects

Denmonstration trials:

In this task, you must solve a number of simple addition and subtraction problems to determine whether the correct answer is
less or greater than 5. The two possible responses are 'less than' () and 'greater than' (,). and these are entered by pressing the
appropriately labelled key on the response console.

Please start the task whenever you are ready by pressing either of the response keys. There are 10I demonstration problems in
this block. The prublctis appear one 7t a time on the screen, and should be solved from left to right. Ea,h problca i,,sjuil CN!, 0 o
operations (addition and/or subtraction). Always perform the additions and subtractions in the order that they appear in the
problems. As soon as you respond to a problem, you will be informed of your reaction time and accuracy. When you are ready
to proceed to the next trial, press either of the response keys; the display will be erased and the next problem will appear shortly
afterwards. Try to perform the task as quickly and accurately as possible. Go as fast as you can, but if you start to make errors
because you are trying to go too fast, slow down. You should try to respond correctly to every problem. After you have
completed the 10 demonstration trials, the message 'end of block' will appear.

Experimental and practice blocks:

In this task, you must solve a number of simple addition and subtraction problems to determine whether the correct answer is
less or greater than 5. The two possible responses are 'less than' (,) and 'greater than' (,), and these are entered by pressing the
appropriately labelled key on the response console.

Please start the task whenever you are ready by pressing either of the response keys. Testing periods last for three minutes each.
The problems appear one at a time on the screen, and should be solved from left to right. Each problem requires two operations
(addition and/or subtraction). Always perform the additions and subtractions in the order that they appear in the problems. As
soon as you respond to a problem, it will be erased and a new problem will appear shortly afterwards. Try to perform the tak as
quickly and accurately as possible. Go as fast as you can, but if you start to make errors because you are trying to go too fast,
slow down. You should try to respond correctly to every problem. At the end of the three-minute testing period, the message
'end of block' will appear.

MEMORY SEARCH TASK

Purpose

This task examines the ability to search items held in memory for the presence of a 'probe' item. It is based on information-
processing principles and additive-factor methodology, and can be used to investigate the loci of stressor effects.

General Description

This task is based on the paradigm described by Sternberg (1966, 1967, 1969a, 1969b, 1971). A set of letters (the 'memory
set') is presented on a video monitor, followed by a single letter (the 'probe letter'). The subject has to indicate, by pressing an
appropriate key, whether the probe letter is a member of the memory set. For example, if the memory set were G, X, T, L and
the probe letter were T. then the correct response would be 'yes'; if the probe letter were D, then the correct response would be
'no'. The number of letters in the memory set can be varied to affect the difficulty of the task, and the major dependent variable
is RT.

There are three main variations on the basic procedure. The Varied Set procedure involves presentation of a different memory
set, followed by a single probe item, on every trial. The Fixed Set procedure presents one memory set followed by many (eg
100) probe items. The Mixed Set procedure is a mixture of the two, such as ten separate memory sets each followed by ten

probes. The Fixed Set procedure is used here to conform to the requirements of the tracking task when this and Memory Search
are co-administered.

Background

To perform the memory search task correctly, the subject must carry out several operations in sequence. First, he must
memorize the memory set. This process must be completed before presentation of the probe item, otherwise it will contaminate
the RT (recognition and storage of digits or letters take typically 250-500 milliseconds per item). When the probe item is
presented, the subject must first detect and recognize it. He must then perform some sort of search and comparison of the probe
item with the items held in memory. The outcome of this process provides the necessary information for the subject to select an
appropriate response. Thus, the task includes detection, recognition, memory search and comparison, and response selection
stages.

Variation of memory set size does not affect detection or recognition of the probe, or selection of the response; however, it does
affect the intervening memory search and comparison stage. Thus, changes in RT with changes in memory set size can be used "
to determine the nature of the memory search process. Two basic memory searching algorithms can be identified, which
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predict two different reaction time functions: a serial search, which can be either self-terminating or exhaustive, and a content-
addressable search (Massaro, 1975).

In a serial search, the memory set items are stored in separate addresses in memory and the probe item is compared
successively with the contents of each address. In a serial, self-terminating search, the search stops when a match is found, or
continues to the end if a match is not found. The probe, if present, is equally likely to appear in any memory set position. Thus,
when RT is plotted against set size, the slope of the function for 'yes' responses will be about half that for 'no' responses, since
only half of the memory set on average need be searched to find a match. In a serial exhaustive search, the search continues to
the end whether or not a match is found. In this case, the functions for 'yes' and 'no' responses will have identical slopes.

In content-addressable search, memory locations are reserved for all items in the population from which the memory sets are
drawn, and each is given the content 'no'. For example, if the iterns are digits, then 10 locations are labelled 0-9, and assigned the
content 'no'. As each item in the memory set arrives, the content of its corresponding address is changed from 'no to 'yes'. For
example, if the memory set is 3. 7.2, then the contents of addresses 3,7 and 2 are changed to 'yes'. When the probe item arrives,
its corresponding address is accessed and the answer is immediately available. In this case, changes in memory set size will not
affect memory search time; in other words, the slope of the RT function will be zero for both 'yes' and 'no' responses.

It is probable that, in real life, search strategies vary with the information content of the memory set items (eg whether '4' is in
the telephone number or whether 'butter' is in the refrigerator). Sternberg (1966) found that RT increased linearly as a function
of memory set size, and that the 'yes' and 'no' functions had the same slope, indicating that his subjects had used a serial
exhaustive search strategy. This conclusion was subsequently confirmed by many other investigators.

In another study, Sternberg (1967) covaried both the memory set size and the quality of the probe digit. On half of the trials, the
probe digit was presented intact, and on the remaining trials it was degraded by placing it behind a masking screen of dots. A
fixed-set procedure was used. Logically, it should take longer to recognize a degraded digit than an intact digit. Thus, the overall
RT to degraded stimuli should be longer than that to intact stimuli. Further, it seems reasonable to assume that once the
recognition stage has given the probe item a label, however easy or difficult it may have been to do so, the rate of memory search
will be the same. Thus, the slope of the function should not change. If this is the case, the RT function for the degraded probe will
have the same slope as that for the intact probe, but a higher intercept; if stimulus quality does affect memory searching time,
however, then the 'degraded' slope will be greater than the 'intact' slope.

Sternberg found that degradation of the probe affected only the intercept of the RT function, indicating that this manipulation
affected the recognition stage but not the memory search stage. Thus, it could he concluded that the probe was initially 'cleaned
up* prior to memory search, increasing RT by a constant amount regardless of memory set size.

This rationale may be applied to other experimental variables. Generally, if task variables have additive main effects on
reaction time, then they are inferred to affect separate processing stages. If they have interactive main effects, then they are
inferred to affect at least one common processing stage. Thus, in the Sternberg test, an experimental variable that interacts with
memory set size may be assumed to affect memory search, whereas a variable whose effect is additive to memory set size can be
assumed to affect a stage other than memory search.

Methodological Variations

Many variations on Sternberg's original method have been studied, and reviews have been published by Hann (1973) and by
Sternberg (1975). The main findings are summarized below in seven groups identified by Hann.

I. Stinulus Category and Quality.

Formally. or physically, similar stimuli are scanned more rapidly than stimuli with only associational similarity. Also. stimuli in
the same modality are scanned more rapidly than those in different modalities (Lively & Sanford, 1972: Klatzky. Juola, &
Atkinson. 1971; Naus, Glucksberg, & Ornstein, 1972).

2. Stimulus Probability and Frequency.

RT is inversely related to the probability of occurrence of a particular item belonging to the memory set. whether the item is
repeated, specifically cued, or simply occurs more often over a series of trials (Briggs & Swanson, 1969: Theios. Smith,
Haviland, Traupmann, & Moy, 1973).

3. Temporal Variables.

Varying the presentation rate of the memory set items has little or no effect on RT (Burrows & Okada, 1971), but changing the
delay between the memory set and the probe item affects processing of the memory set. At short delays, memory search andcomparison are held up until memory set processing is complete (Connor. 1972).

4. Spatial and Numerical Separation.

RT is faster when the stimuli are organized, such as in numerical sequence, and is faster on negative trials as a function of the
numerical separation between the probe and the memory set (Morin, DeRosa, & Stultz, 1967; DeRosa & Morin, 1970).
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5. Instructional Variables.

Emphasis on speed or on accuracy each produces strong practice effects on the intercept. but not the slope, of the RT function
(Lively, 1972). RT is decreased with increasing delay of a probe after presentation of items which the subject has been told to
remove mentally from the memory set (DeRosa. 1969; DeRosa & Sabol, 1973).

6. Probe Se Size

RT decreases as a function of the number of items common to the memory and probe sets (Briggs & Blaha. 1969; Briggs &
Swanson, 1969; Briggs & Johnsen. 1973).

7 Miscellaneous Variables

RTs to pictorial stimuli ,.:c faster when processed by the right cerebral hemisphere, and RTs to letters are faster when
processed by the left hemisphere. When stimuli are presented to the 'slow' hemisphere for that type, the intercept of the RT
function increases but the comparison rate is unaffected (Klatzky & Atkinson, 1971).

Linear and increasing RT functions have been observed for a wide variety of stimuli, including visual and auditory digits and
letters, two-and three-digit numbers, shapes, pictures of faces, drawings of common objects, words of various lengths. colours.
and phonemes (Burrows & Okada, 1973; Chase & Calfee, 1969; Clifton & Tash. 1973; Foss & Dowell, 1971; Hoving, Morin,
& Konick. 1970; Orenstein & Hamilton, 1977; Swanson, Johnsen, & Briggs. 1972). The slopes of the RT functions to these
types of stimuli differ systematically. The 'yes' and 'no' functions have been found to remain linear and parallel for memory sets
of up to ten letters (Wingfield & Branca, 19701) and up to twelve common words (Naus. 1974).

Individual Differences

Linear and increasing RT functions have been observed in people of differing personalities, various ages ranging from children
to elderly adults, and in normals, alcoholics. schizophrenics, and the brain-damaged mentally retarded. Aging and mental
retardation both produce increased slopes compared with young, healthy adults (Anders. Fozard, & Lillyquist. 1972; Harris &
Fleer, 1974). Children of 8 years produce RT functions with higher intercepts, but the same slope, as young adults (Hloving et
al. 197)); Harris & Fleer, 1974). Introverts are slower than extraverts at scanning for semantic features of category membership
(Eysenck & Eysenck. 1979).

Effects of Practice

The effects of extended practice vary with the procedure. If the same fixed set is used over many days. then the RT function
becomes flatter and negatively accelerated, particularly when the probe items are consistently associated with one or other
response (Ross, 1970; Kristofferson, 1972a). There is some evidence that subjects develop a content-addressable search
strategy (Graboi. 1971 ), and that processing becomes automatic rather than controlled (Shiffrin & Schneider, 1977; Schneider
& Shiffrin. 1977). If the memory sets are changed from trial to trial or from session to session, and stimuli are not consistently
associated with particular responses. then extended practice affects the intercept but not the slope (Kristofferson, 1972b).

Reliability

The reliability of the Sternberg task has been studied for its possible inclusion in the Performance Evaluation Tests for
Environmental Research (PETER) Battery. Twenty-one male subjects performed a 15-minute test session on each of 15 days.
Each session comprised five trials requiring an affirmative response and five requiring a negative response at each memory set
size from one to four digits presented at the rate of one digit/second. The intercept scores did not change appreciably during the
experiment; slopes decreased with practice until the third day, and RT for each of the positive set sizes stabilized after the
fourth session. Inter-session reliabilities for both slope and intercept were low, probably because of the small numberof trials at
each memory set size, but the reliabilities of the RTs from which the slopes were calculated were generally greater than 0.70
(Carter, Kennedy, Bittner, & Krause. 198W; Carter & Krause, 1983).

Split-half reliabilities of the Sternberg task have also been assessed as part of the Taskomat battery (Boer, 1988). The task was
administered in two blocks, each of four minutes and comprising approximately 160 trials. In the first block, the memory set
was 'R', and in the second it was KLMN'. The test stimuli were 2x2 matrices containing either one, two or four letters, and the
number of memory comparis mns was the product of the memory set and the number of letters in the stimulus array, ie 1,2 or 4
for "IR" blocks and 4. 8 or 16 for "KLMN" blocks. The reliability coefficients were as follows:

Slope Intercept
R' Block 0.32 0.74

"KLMN' Block 0.62 0.65
"R'/'KLMN' Blocks combined (.76 0.87

A fixed set procedure with two-letter memory sets, similar to the STRES Battery version, was used by Schlegel and Gilliland (in
press), who reported reliability of 0.75. Their 123 subjects had previously practised the task for five days, one block of trials per
day. The reliability was based on data collected after the practice trials, and the sessions were separated by one day.
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Validity

As in the RT task, the question of validity is concerned primarily with the adequacy of the additive-factor framework.
Sternberg's finding that RT increases linearly with memory set size, indicating serial search, has been confirmed in several
laboratories with different subject samples and levels of practice. However, studies of duplication of items in the memory set,
their serial positions, and the relative frequency with which they are tested, have led to disagreement over the type of serial
search. Most investigators support the serial exhaustive hypothesis, but several favour the serial self-terminating interpretation,
and some prefer a combination of the two.

Support for the discrete-stage information-processing model was provided by Sternberg's finding that degrading the stimuli
does not affect the memory search process. With a few exceptions (eg Klatzky et al, 1971), most studies have supported the
same model. However, Welfuid (1980) has argued that the model fails to explain serial order effects.

Sensitivity

The Sternberg task has been used mostly in environmental research to identify the loci of effects of drugs and workload,

Drugs

1. Industrial Chemicals. Smith and Langolf (1981) reported that four levels of exposure to mercury affected the slope but
not the intercept of the RT function. Maizlish, Langolf, Whitehead, Fine, Albers, Goldberg, and Smith (1985) reported that
long term exposure to mixtures of organic solvents had no effect.

2. Social Drugs. Oborne and Rogers (1983) found that various combinations of alcohol and caffeine affected the intercept
but not the slope. Tharp, Rundell, Lester, and Williams (1974) found that alcohol impaired response selection. Roth,
Tinklenberg, and Kopell (1977) studied ethanol and marihuana, and reported that the amplitude of the P300 component of the
evoked cortical potential showed a drug effect and a set size effect. Both drugs differed significantly from placebo but not from
each other, and marihuana increased the overall RT by about 75 milliseconds.

3. Benzodiazepines. Subhan (1984) reported that flunitrazepam and triazolam impaired stimulus encoding and serial
comparison stages, whereas lormetazepam had little or no effect. Rizzuto reported that a 5 mg dose of diazepam did not affect
performance on this task, whereas a 10 mg dose resulted in significant RT increases but no changes in error scores (Rizzuto,
Wilson, Yates, & Palmer, 1985; Rizzuto, 1987)

4. Hypnotics. Rundell, Williams, and Lester (1978) and Williams, Rundell, and Smith (1981) found that secobarbital
affected stimulus encoding, but Mobs, Tinklenberg, Roth, and Kopell (1980) reported that it had no effect.

5. Antidepressants. McNair. Kahn, Frankenthaler and Faldetta (1984) reported that amitriptyline increased performance
speed generally by about 7%, but amoxapine had no effect.

6. Stimulants. Naylor, Halliday, and Callaway (1985) reported that methylphenidate speeded response selection but not
stimulus evaluation. Mobs et al (1980) reported that methamphetamine had no effect.

7. Anticholinesterases. Wetherell (1986) varied memory set size and stimulus quality and found that physostigmine
(previously reported to improve memory) improved stimulus recognition, but not the memory search process.

8. Hormones. Ward, Sandman, George, and Shulman (1979) reported that melanocyte stimulating hormone and
adrenocorticotrophic hormone improved stimulus encoding but did not affect memory search rate in men or women.

Workload

I. Dual Tasks. Briggs et al (1972) reported that concurrent performance of a tracking task affected the intercept of the
reaction time function but not the slope. Crosby and Parkinson (1979) reported that performance of a ground-controlled
approach by pilots affected the intercept but not the slope. Wetherell (1981) reported that car driving appeared to affect the
intercept but not the slope for 'yes' responses, and both intercept and slope for 'no' responses. He suggested that subjects were
less certain about a 'no' than a 'yes' decision and performed more searches to accumulate confidence before responding.

2. Evoked Cortical Potentials (P300). Gomer, Spicuzza, and O'Donnell (1976) reported that the P300 was enhanced for
'yes' responses, and that the difference in P300 between 'yes' and 'no' responses increased with memory set size. Brookhuis.
Mulder, Mulder, Gloerich. van Dellen. van der Meere, and Ellerman (1981) reported that their RT data indicated a self-
terminating search process whereas the P300 data indicated an exhaustive search. Adam and Collins (1978) reported that
P300 latencies increased with memory set size up to 7 digits, but there were large individual differences and no correlation with
set sizes of 9 and II digits. Ford, Roth, Mobs, Hopkins, and Kopell (1979) reported that RT was slower in older than in
younger subjects, but that there was no difference in P300 latency or amplitude. However, Pfefferbaum, Ford, Roth, and
Kopell (1980) reported that the P300 amplitude increased with memory set size and that younger subjects showed larger P300
amplitudes than did older subjects. Rizzuto et al (1985) and Rizzuto (1987) reported that 5 mg of diazeparn had no effect on
the P300 while a 10 mg dose significantly increased P3110 latency and reduced its amplitude.
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Simulated Deep-Sea Dives

Lorenz and Lorenz (1988) found that both speed and accuracy of memory search were impaired during simulated dives to
maxima of 560 metres of sea water using heliox and 360 metres of sea water using trimix (5% nitrogen).

Teehnifl Specification

Figure 16 illustrates the structure of the task. The Fixed Set procedure is used, and the test is administered in two three-minute
blocks, each devoted to one memory set size. This arrangement conforms to the requirements of the tracking task when this and
Memory Search are co-administered as a dual task. Two three-minute blocks must be administered to determine the slope and
intercept of the RTvs memory set size function. Block I uses a memory set size of two items, and Block 2 a set size of four items.
Each block is administered separately, and consists of presentation of the memory set followed by a series of probes.

Memory Sets and Probe Items

The memory set letters are randomly selected, without replacement, from all 26 letters of the alphabet. No obviously visually or
acoustically confusing letters (eg M and N) are used in the same memory set.

Positive probe letters are equally likely to match any of the memory set letters. Negative probe letters are randomly selected
from the letters not used in the memory sets, with the constraint that no negative probe has gross visual or acoustic similarity to
any memory set item. The total number of probes presented varies with the subject's RTs, but the order of presentation of
positive and negative probes is randomized so that equal numbers are presented on average.

Visual and acoustic confusion depends upon factors such as type-font, language, dialect, and accent. Thus, the composition of
memory and probe sets cannot be standardized across cultures. However, the available evidence suggests that, if the test user
ensures that confusability is minimized for the subject pool to which the test is administered, the specific choice of items will
have negligible effect on test performance.

The elements of the memory set, and the sequence of probe items, should be selected randomly each time a trial block is
administered.

Presentation

The memory set letters are presented simultaneously, in a horizontal line across the centre of the monitor screen, with one
character space between each letter. Probe letters are presented in the centre of the display area.

Each trial block begins with the presentation of a memory set. The subject views the set for as long as desired, and then removes
it by pressing either of the two response keys. The first probe appears one second later, and constitutes the beginning of the
three-minute test period. The structure of each trial is as follows: 1) the probe is presented on the screen, 2) as soon as the
subject responds, or a deadline of five seconds has elapsed, the probe is erased, 3) the screen remains blank for one second. RTs
are measured from the onset of each probe to the first depression of a response key. Thus, if the subject initially makes an
incorrect response and immediately attempts to correct it by pressing the other key, RT is calculated to the first response and an
error is recorded. After three minutes, the message 'end of block' appears.

Data Specification

A separate data record, listing the memory set and the probes presented, is stored for each three-minute block. With the
memory set is recorded the subject's viewing time measured in milliseconds from the presentation of the memory set to
depression of either response key. With each probe letter is recorded the subject's RT to that probe, coded as positive for a
correct response, negative for an incorrect response, and 0 for a response failure.

Summary statistics are calculated separately for each three-minute block, and comprise a) memory set size; b) memory set
inspection time; c) mean of all correct RTs; d) SD of all correct RTs; e) mean of correct RTs to positive probes f SD of correct
RTs to positive probes; g) mean of correct RTs to negative probes; h) SD of correct RTs to negative probes; i) number of
positive trials; j) number of negative trials; k) percent errors on positive trials; I) percent errors on negative trials; m) percent
response failures on positive trials; and n) percent response failures on negative trials. In the calculation of error rates (k-),
response failures are excluded.

The following summary statistics are calculated, using linear regression, from the data obtained for each pair of three-minute
blocks: a) slope of RT function for positive probes; b) intercept of RT function for positive probes; c) slope of RT function for
negative probes; and d) intercept of RT function for negative probes.

Training Requirements

Subjects are given an opportunity to read the instructions, and any questions are answered. They then enter the practice phase,
comprising 10 blocks (standard schedule) or two blocks (abridged schedule).

U-
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Figure 16. The structure of the Memory Search task.

Instructions to Subjects

This is a test of your ability to search your memory for particular letters. You will be ,shown a set of letters to memorize, called
the "memory set". It will contain either two or four letters, and you will be allowed to look at it for as long as you wish. When you
have memorized this set, you should press one of the response keys and you will then be showp a series of single test letters, one
at a time. You have to decide whether each test letter is one of the letters in the memory set. If so, press the 'yes' key; if not. press
the 'no' key. Please try to respond as fast as you can without making any mistakes. If you do not respond within a certain time,
the next letter will appear. Each period devoted to a particular memory set will last for three minutes. Each memory set will be
different, so be sure to memorize it before you press the key to start the series of test letters.

I
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SPATIAL PROCESSING TASK -

Purpose

This task is designed to examine the subject's ability to rotate histograms mentally prior to making a same/different judgment. It
taps visual short term memory, since the standard and test stimuli are presented successively rather than ,imultaneously.

General Description

On each trial, a pair of four-bar histograms is presented sequentially on the monitor screen. The subject must determine
whether the second.,test', histogram is identical to the first, standard'. histogram. regardless of an orientational difference of 9(
degrees or 271 degrees, and respond 'same' or different' by pressing the appropriate reponse key.

Background

This task is adapted from the spatial processing task used in the (TS (Shingledcker. 1984). which is, in turn, derived trom an

earlier task devised by Fitts. Weinstein. Rappaport. Anderson. and Leonard (1956) and later used by Chiles et al (1969).

In the STRES version of the task, a standard stimulus oriented at zero degrees is presented. followed, after an interval. h. a
single test stimulus rotated through 90 or 270 degrees. The test stimulus may be the same as, or different from, the standard
stimulus. The standard must be maintained in memory, and the test stimulus mentally rotated prior to the same different

judgment (see Cooper & Shepard. 1978). Thus, storage. transfrrmation, and comparison of s isuo-spatial material are all

required.

This general paradigm is known as the Fitts Histogram procedure. Fitts and his colleagues presented a single histogram to their
subjects as a standard, followed by six rows of eight simultaneously presented test stimuli. The subject's task was to select the
test stimulus from each row that was identical to the standard. Some of the stimuli were created in the sane fashion is those in
the STRES task, using six bars with lengths from one to six units. Others were created as the figure and its mirror image. joined
at the midline. And finally, a third group comprised two repetitions of the pattern in the same orientation. In general. Fitts found

that RT was fastest for random stimuli, and slowest for constrained stimuli in which the bars were chosen without replacement
from the population of possible heights. Moreover. symmetrical stimuli were identified most quickly.

The stimuli used in the present task correspond to Fitset al's definition ofconstraineu ares.since each bar in the histogram is
selected without replacement from a population of all possible bar heights with the result that no two bars have the same height.
Fitts and his coworkers found that detection times for such figures were slower than those for random figures in which bars ot
the same height were permissible.

The Spatial Processing task can be classified as one of spatia! transfiormation. as defined in ILohman's (1979) survc and re-
analysis of the correlational literature on spatial ability. MorQ specifically. it requires the sIsualization (Vz) ability involved in

mental reorientation of complex figures. Other. more fundamental, elements of Lohman's classification addressed by this task
include perceptual speed (Ps) in the stimulus-comparison component of the task, and perhaps closure speed (Cs). sshieh refers
t) the speed of matching incomplete or distorted stimuli si t, representations stored in n temors.

Reliability

Kennedy. Dunlap, Jones. Lane, and Wilkes (1985). who used the Fitts Histograms as a paper-and-pencil 'marker' test during

the development of a microcomputer-based repeated measures test battery. found a test-retest reliability of 0.9(0 for data
collected on two separate days with one intervening nontest day. Since performance on paper and pencil tests tended to
stabilize more slowly than the same test in computer based form, this estimate of reliability is probably conservative.

Chiles et al's (1968) spatial processing task produced a split-half reliability of 0.75. A reliability coefficient of (.67 was
reported on the STRES difficulty level of the Spatial Priicessing task by S ,:legel and Gilliland (in press). The reliability was
calculated on data collected for 123 subjects on two separate days following five days of practice, one block per day. 'lhe test

days were themselves separated by one day.

Validity

Kennedy et al reported that scores on the Fitts Histogram test correlated 0.71 with those on Klein and Armitage's (1979)
pattern comparison task. Moreover. Histogram scores loaded onto the same factor as other tests with spatial components.
including the Manikin test (related to Lohman's Spatial Orientation factor), and Code Substitution and the Klein and Armitage

task (both related to Lohman's Spatial Relations factor). The Histograms also loaded onto a motor control factor, perhaps
because the test was administered in paper-and-pencil format. One of the remaining factors had loadings on the computer-

based tasks hut not their paper-and-pencil counterparts. This finding suggests that fundamentally different stategies may be

applied to different versions of the same test, and emphasizes the importance of standardization.

Since Kennedy et al's factor analysis was performed on data for I I tests obtained from only 2(1 subjects. the results must be

considered tentative. Nevertheless. they are consistetnt with the notion that histogram comparison taps spatial processing
resources.
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Sensitivity

Tentative evidence of the sensitivity of this task can be inferred from findings using tests with which it is correlated. The
Manikin test, for example, is sensitive to the effects of diving to extreme depth (Lewis & Baddeley, 198 1 ; Logie & Baddeley,
1983); the Klein and Armitage test is sensitive to cyclical variations in arousal (Klein & Armitage, 1979): and a test resembling
the Fitts Histograms has been found to reflect the effects of long-term isolation (Chiles et al, 1968; Chiles et al. 1969).

Rizzuto (1987) has reported that a 10 mg dose of diazepam significantly increased RTs but had no effect on percent correct. He
further reported that evoked potentials recorded from the task stimuli showed increased P300 latencies and reduced P300
amplitudes. Since the error scores were unchanged it was concluded that the task was performed correctly with the diazepam
but that the amount of time required by the stages of processing leading to the responses was increased by the 1t) mg dose.

Technical Specification

The structure of the task is depicted in Figure 17. Each histogram comprises four bars one to six units in height. each unit being
8.5 millimetres high and five millimetres wide; adjacent bars are separated by a gap of five millimetres, with a line extending
along the base of the figure. The height of each bar in a given histogram is determined randomly, with the constraint that no two
bars are identical. A number is presented with each histogram to indicate whether it is a standard stimulus (I) or a test stimulus
(2). Standard stimuli are presented in the zero degree orientation with the baseline under the histograms positioned in the
middle of the horizontal axis of the screen and 35 millimetres below its centre. The histogram bars extend above the horizontal
baseline and the number 1, indicating a standard stimulus, is positioned with its base 50 millimetres below' the centre of the
screen. For the test stimuli, the histogram extends left (9(1 degree orientation) or right (27(0 degree orientation) of screen centre,
the centre of the baseline being coincident with the centre of the screen. The number 2. indicating a test stimulus, appears with
its base 45 millimetres below the centre of the screen (Figure 18).

The task is performed in three-minute trial blocks. On each trial, the subject must decide whether the test stimulus is identical to
the standard stimulus, regardless of difference in orientation, and respond by pressing the 'same' or 'different' key.

The structure of each experimental trial is as follows: I ) the standard stimulus is presented for three seconds: 2) the screen is
blanked for one second; 3) the test stimulus is presented: 4) as soon as the subject presses one of the response keys. or a
deadline of 15 seconds has elapsed, the test stimulus is erased and a one-second inter-trial interval begins.

Practice trials differ from the experimental trials as follows: I ) as soon as a response is made, the test stimulus is erased, and
feedback concerning accuracy and RT is presented on two lines in the middle of the screen: 2) this feedback remains (in the
screen until the subject presses either response key to initiate the inter-trial interval.

During each three-minute trial block, test stimuli arc equally likely to be rotated through 90It or 27) degrees relative to the
standard: at each of these oricntations. the test stimulus is equall] likely to be 'ame" or different" s ith respect I tthe standard.

)n diffcrent trials, the standard and test stimuli must differ by at least One unit on at least one o the compo nent bars.

Data Specification

For cery trial sithint a three-minute trial block, RT (coded as posifte for a correct responsc, nicgamc for an incorrect
response, and 0 for it response failure) is recorded.

The follosing summary statistics are determined for each three-minute bhck: a) mcan of all correct RI's: b) SD of all correct
RTs: c) mean of correct RTs for response 'same:; d) SD of correct RTs for response "same: c) mean of correct RTs for response
'different': 0 SD of correct RTs for response 'different': g) number of 'same' trials: It) number of 'different' trials: 1) percent
errors on "same trials: j) percent errors on 'different' trials: k) percent response failut cs n santc trials. and I) percent response
failures on 'different' trials. In the calculation of error rates (i-j). response failures are excluded.

Training Requirements

Subjects are given the opportunity to read the instructions, and then complete It practice blocks (standard schedule) or 2
practice blocks (abridged schedule). If the task is administered to the same subject it more than one session, practice should be
omitted after the first session.

Instructions to Subjects

PraItice hlmik s

In this task, a pair of bargraphs, or histograms, is presented one at a time on each trial. Your task is to memorize the shape of the
first of the two histograms, and then decide whether the shape of the second histogram is the same or different. The "irst
histogram is labelled with a- I"' and the second with a '2' so that vou will not confuse them. Always memorize the shape if the
first histogram and press the 'same or "different' key. as appropriate. when the second histogram is displayed.

Every histogram will contain four bars. The first of each pair will be presented in an upright position, but the second will be
rotated on its left or right side. You should ignore this difference in orientation when decidingl - hether or not the histograims are
identical in shape.
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Please start the task wher er you are ready by pressing either of the response keys. Memorize the shape of the first histogram
and respond either 'same' or 'different' to the second. As soon as you respond, you will be informed of your reaction time and
accuracy. When you are ready to proceed to the next trial, press either of the response keys: the display will be erased and the
next problem will appear shortly afterwards. Try to respond as quickly and accurately as possible. In other words, respond as
quickly as you can, but if you start making errors because you are rushing your decision. slow down. After three minutes,. the
messamge 'end of block will appear.

xlxperimeniul hh'k.s

In this task. a pair of bar graphs. or histograms, is presented one ata time on each trial. Your task is to memorize the shape of the
first of the two histograms, and then decide whether the shape of the second histogram is the same or different. The first
histogram is labelled Nith a "1- and the second with a '2- so that you will not confuse them. Always memorize the shape of the
first histogram and press the 'same' or 'different key, as appropriate, when the second histogram is displayed.

Every histogram will contains four bars. The first of each pair will be presented in an upright position, but the second will be
rotated on its left or right side. You should ignore this difference when deciding whether or not the histograms are identical in
shape.

Please start the task whenever you are ready by pressing either of the response keys. Memorize the shape of the first hitogram
and respond either 'same' or 'different' to the second. As soon as you respond. the display will be erased and the next problem
will appear shortly afterwards. Try to respond as quickly and accurately as possible. In other words, respond as quickly as you
can. but if you start making errors because you are rushing your decision, slow down. After three minutes. the message end of
blhck will appear.

UNSTABLE TRACKING TASK

Purpose

This task tests information processing resources used in the execution of continuous manual control responses.

General Description

A fixed target is presented in the centre of the monitor st-reen. The subject manipulates a joystick in an a't,_,npt to maintain the
position of a horizontally-moving cursor on the target. The system is inherently unstable: operator input introduces error that is
magnified such that it becomes increasingly necessary to respond to the velocity as well as the position of the cursor.

Background

This task was developed by Jex, McDonnell, and Phatak (1966). It was inspired by analytical treatment of aircraft handling
qualities, such as Ashkenas and McRuer's (1959) work on just -controllable aircraft short-period static instability and its strong
relationship with operator (pilot) effective time delay. Ashkcnas and McRuCr showed that increased rate of system error
associated with control tasks produces corresponding increases in the operator's internal delay in processing and responding to
the disturbance. Subsequently. it was reported that control loss c.curred at the same static instability level for three test pilots
(Jex & Cromwell. 1961). These findings resulted in a more extensive investigation of the dynamics of manual control
behaviour, and provided the impetus for the development of a reliable, internally valid control task for applied research. Jcx et
al (1966) set out to develop such a task and to validate experimentally the assumptions underlying a model of hunman control
behaviour.

Since tracking involves input, translation, and output mechanisms, it has been modelled using techniques borrowed from
Fourier analysis and linear feedback control theory. Tracking performance can be described reasonably well by the linear
differential equations, or 'transfer functions', incorporated into a quasilinear class of model of the human operator. In
quasilinear models, man's response to tracking input signals, although nonlinear, is approximated by a linear transfer function
called the 'describing function' and a separate nonlinear component called the 'remnant'. The strength of such models is that
their parameters. such as time delay and gain. seem to correspond to specific characteristics of human control behaviour in
man-machine systems.

McRuer and Jex's (1967) 'crossover nodel' is an example of the ,luasilinear approach. A describing function with the two
parameters of effective tim- delay and gain is used to model the proportion of the subject's response that is linearly correlated
with the input signal (Figure 19). This describing function takes the form

o(t) = Kse(t - te)

where o(t) represents the subject's output at time (t)
Ks represents the subject's gain
te represents the subject's effective time delay in processing he tracking signal
e(t - tel represents the input to the subject. or system error, at time It - te).

-- Immmraili I . .. .
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Figure 19. Block diagram of Quasilinear Crossover Model.

The effective time delay (te) has been found to be somewhat analogous to discrete reaction time (Wickens, 1976): it is simply
the interval between the introduction of system error and the emission of an appropriate response by the subject. The gain
parameter. Ks, is a measure of how large a corrective movement the subject will make in response to a given system error.
Subjects who exhibit high Ks values tend to make relatively large amplitude control movements, leading to more oscillatory
tracking behaviour under some circumstances. Practised subjects are able to adjust their gain to specified levels. Gain can be
considered analogous to response bias, controlled by high-level cognitive processes (Wickens, 1976).

The key characteristic of the Unstable Tracking task is the positive feedback loop responsible for the inherent instability of the
system. Once the system detects a control error, it generates an error velocity whose value is determined by operator gain.
Unlike systems based on negative feedback, in which this velocity is subtracted from the control error, positive feedback adds
the velocity to the error, increasing the rate of error movement away from the target. Thus, the subject's gain adds to the rate of
system error, and precise corrective movements are critically important. The dynamics of the Unstable Tracking task are
analogous to those ofa balanced stick (Wickens. 1984). Ifan error from the vertical is introduced, the stick will begin to fall. and
the rate of falling (increase in error) will increase as it falls.

Although the human operator is better designed to deal %kith the properties of a negative feedback system, positive feedback
loops are characteristic of many complex dynamic vehicles, and demand of the operator constant attention. It is therefore
important to understand the inter-relationships between the elements of the describing functions associated with unstable
tracking.

The precise parameters of the Unstable Tracking task were determined empirically during Shingledecker's (1984) test
development phase. On the basis of two measures of tracking performance (average absolute tracking error and number of
control losses), and subjective difficulty ratings, three reliably different demand levels were produced by lambda (instability)
values of 1.0 (low demand). 2.0 (moderate demand), and 3.0 (high demand).

This task is assumed to tap primarily motor output resources, placing minimal demands upon resources associated with input
and ceniral processing. Evidence for this assumption was provided by Shingledecker. Acton, and Crabtree (1983), who
required subjects to perform unstable tracking. at each of three demand levels, concurrently with an interval production task.
Interval production variability increased systematically as a function of tracking task demand, but was unaffected by tasks
tapping input or central processing stages. It was therefore concluded that unstable tracking and interval production place
demands primarily upon resources devoted to motor responses.

Reliability

The reliability and stability of critical tracking scores (degree of instability when control is lost) vary with practice. Damns,
Bittner. Kennedy, and Harbeson (1981) examined the critical tracking performance of 12 subjects daring 15 sessions.
Performance was found to stabilize after 1(0 sessions. The mean correlation between performance on the final five sessions was
0.764.

In Damns, Bittmer, Kennedy, Harbeson, and Krause's (1984) study, in which subjects performed the task on 14 days, tracking
performance based on critical ins!ability scores became relatively stable after 105 brief practice trials. Although slow linear
improvement in scores was apparent from day 8 until the end of the testing period, it was concluded that the task is sufficiently
reliable for use in dual-task, environmental stress, or drug studies, provided that proper attention is given to the effects of
practice.

A reliability of 0.83 has been reported by Schlegel and Gilliland (in press) for the mean absolute error in the STRES version of
the Unstable Tracking task. They also reported a reliability coefficient of 0.82 for the number of edge violations (control
losses) in this task. Their sample comprised 120 male and female subjects who had practised the task for five days, one block of
trials per day. The reliability data were collected on two days, with one intervening day. following training. a
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Validity

Jex et al (196n) concluded that there is "good experimental validation of the theoretical assumptions and implications of the
operator's behaviour (with respect to the elements of a describing function) in the first order critical task" (p. 142). These
authors used the three-parameter Extended Crossover Model (ECM) of MeRuer. Graham. Krendel. and Reisner (1965) to fit
the data, and established an operator describing function.

Experimental evidence indicates that the effective time delay (te) approaches an irreducible minimum and flattens out a,
etreme u. ,, b'iity .,tem crror i' r-achcd (see Jex et al. 1966, Figure 4A), and that the gain margin (the gain necessary to
prevent the subject from lagging 180 degrees or more behind the system) decreases as instability increases. Actual operator
gain closely follows the theoretical gain for the maximum gain margin delineated by the describing function; gain limitations are
constrained as critical limits are approached. These findings concerning the effects of instability on operator gain and effective
time delay conform closely to the predictions of the ECM. and hence indicate high construct validity.

Sensitivity

Klein and Jex (1975) showed that alcohol produced a decrement in critical tracking performance. Similarly, Dott and McKclvy
(1977) reported that mean tracking error and total error increased, whereas degree of instability when control was lost
decreased, as a function of blood alcohol level. Moreover, the effects of secobarbitol and carbon monoxide on positive
feedback tracking have been found to be similar to those of alcohol (Putz, 1979). It appears that inherent instability may be
necessary for tracking tasks to reveal the effects of drugs and toxic substances. Klein and Jcx, for example, noted that traditional
negative-feedback tracking tasks show little sensitivity to the effects of alcohol.

Lorenz and Lorenz (1988) reported that unstable tracking performance declined substantially during simulated deep-sea
dives, but recovered rapidly during subsequent decompression.

Extensive research on the effects of acceleration (G-stress) on tracking has been conducted at the Armstrong Aerospace
Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio. Although the magnitude of these effects is influenced
by factors such as task dynamics, direction of acceleration, subject position. and use of G-force protective suits (see reviews by
Grether, 1971; Little, Hartman. & Leverett, 1968; Van Patten, 1984), it is well-established that unstable tracking is sensitive to
variation in G.

Jex, Peters, DiMarco, and Allen (1974) hypothesized that physiological deconditioning from orbital living (in the form of 10
days of enforced bedrest) might degrade the pilot's ability to control his aircraft manually during shuttle reentry. Forty-two
subjects, each provided with a G-suit, were subjected to acceleration before and after bedrest. Although bedrest had no overall
effect on mean critical scores, it interacted with centrifugation. Before bedrest, critical tracking following a centrifuge run was
non-significantly better than that prior to the run; after bedrest, however, 62 percent of the post-run scores were worse than
pre-run scores. Thus, it appears that the enforced bedrest interfered with G-protected subjects' ability to overcome the effects
of acceleration.

Adler, Strasser, and Muller-Limmroth (1976) showed that tracking performance on a task resembling that devised by Jex was
superior under distributed relative to massed practice, was degraded when the practice regime was changed, and was improved
by monetary incentive.

A 10 mg oral dose of diazepam has been shown to increase tracking error and the number of edge violations. These effects were
reported for two levels of difficulty of the critical tracking task. Evoked potentials were recorded to offset blinks of the tracked
cursor, and showed latency increases and amplitude decrements in the P300 (Rizzuto, 1987).

Schlegel and Gilliland (in press) showed that tracking performance was significantly impaired by one night's sleep loss. Their
subjects performed three levels of the unstable tracking task, including the STRES Battery level. Absolute mean tracking error.
but not the number of edge violations, was adversely effected by this level of sleep loss.

Technical Specifieation

The structure of the task is illustrated in Figure 20. Although detailed consideration of the mathematical characteristics of the
task is inappropriate here, it may be noted that the unstable plant dynamics are a first-order divergent element of the form:

PMa) = hnbda. cxp - ts}
s - lambda

where: P(s) - ratio of system output to input
s - Laplace operator (indicates system response is a function of frequency)
lambda - level of instability - I /T(seconds), where T (seconds) is divergent time constant
exp(-ts) - Additional phase lag produced by time delay, t

An analogue-to-digital value of zero is obtained when the joystick is centralized, and positive and negative values obtained
when the joystick deviates right and left, respectively, from the central position. The task begins as soon as the subject has
manipulated the joystick to select a value of zero, using visual feedback of analogue-to-digital converter values displayed in the
centre of the screen. The subject is then given 10 seconds to gain control of the cursor before data collection commences.

. .. ... . .......... ..... ra " , l atl ... ... Waft. m
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The position of the cursor on the screen is determined by the following relationship:

New Position - (2 * Rate + Lambda) * Old Position / (2 * Rate - Lambda) + Lambda * Gain (Stick Input + Last Stick Input)
/ (2 - Rate - Lambda)

where, for the STRES batteryRate = 50 Hz
Lambda = 2
Gain = 4
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Figure 20. The structure of the Unstable Tracking task.

Figure 21 shows the screen display for the Unstable Tracking task. The tracking cursor moves horizontally, its central position
coinciding with the middle of the display screen. The cursor is 15 millimetres high and 2 millimetres wide, with a horizontal bar
(2 millimetres high and 5 millimetres wide) at its centre. Screen centre markers, each 2 millimetres wide and 8 millimetres high,
are positioned above and below the cursor in the middle of the screen; when the cursor is centred, it forms a continuous line
with these markers. Edge markers appear 70 millimetres left and right of screen centre, providing a 140-millimetre tracking



37

range that should include at least 147 screen pixels with a pixel width of no more than 0.95 millimetre. The edge markers are
two millimetres wide by 15 millimetres high. Some computers may require EGA graphics capability for sufficient screen
resolution.

I L

Figure 21. The screen display for the Unstable Tracking task.

Subjects are instructed to attempt to maintain the position of the cursor between the two centre markers throughout the
tracking period, avoiding control losses in which the cursor reaches the edge of the screen.

The maximum tracking loop time delay of 50 milliseconds must be accu ate to within 5%. No external forcing function is
applied to the tracking loop; the unstable dynamics of the task are excited exclusively by human tracking error and by noise in
the joystick digitization process. There must be some noise in the digitizing process, and parameters may have to be adjusted to
provide this noise. If the subject loses control and the cursor travel reaches the edge of the display, a control loss is recorded, the
cursor is automatically re-positioned at the screen centre, and the subject continues tracking. After three minutes, the task ends
and the message 'end of block' appears.

Data Specification

The following data are stored for each one-second interval of the task: 1) average error, and 2) incidence of control failure.

Summary statistics for the complete three-minute period comprise a) RMS error score, calculated as:

RMS error - square root ((sum(x)' 2) - ((sum(x))" 2 / n) / n - 1) where x = the deviations from screen centre summed for
each second, and n = 180

b) The number of control failures.

Training Requirements

Studies by Damos et al (1981) and Shingledecker (1984) indicate that a standard training schedule of 10 three-minute blocks
should be adopted to achieve stability of performance. The abridged schedule for this task is two blocks.

Note that, if the task is administered to the subject in several sessions, practice should be omitted after the first session.

Instructions to Subjects

In this task, your objective is to keep a cursor centred on a target area in the middle of the monitor screen. You can control the
movement of the cursor by moving the joystick. Moving the stick to the right moves the cursor to the right, and moving it to the
left moves the cursor to the left. The cursor initially appears on the central target but tends to move horizontally away from this
position. Try to keep it centred over the target at all times. If it reaches the boundary line, it will reappear at the target position
and begin moving away again. This is called a control loss and should be avoided if possible.

To begin, please move the joystick until the numerical display on the screen reaches zero. After about three minutes, the
message 'end of block' will appear.

A '
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GRAMMATICAL REASONING TASK

This task, derived from that described by Baddeley (1968), addresses the ability to manipulate grammatical information,
placing demands primarily upon working memory.

General Description

On each trial, two sentences with an active and positive construction are presented, together with three symbols; the subject
must compare the veracity of the description of the order of symbols contained in the sentences.

Several types of grammatical reasoning tasks have been reported in the literature. Below. five of these procedures are
considered.

Wason (1961) presented sentences describing a number as odd or even, such as 'seventy-six is an even number' (true
affirmative) or 'seventy-six is not an odd number' (true negative). Combinations of the factors of true/false and affirmative/
negative were used to generate 24 stimuli. Wason found that negative statements were verified more slowly than positives. He
suggested that this defference reflected the additional time required to invert the negative form (eg 'not even') to positive (eg
'odd').

The advantage for positive sentences was confirmed using other techniques. Slobin (1966) presented a sentence followed by a
picture (eg a cat chasing a dog); subjects were required to decide whether the sentence correctly described the picture. Clark
and Chase (eg Chase & Clark, 1972; Clark & Chase, 1972, 1974) required subjects to compare the * + sentence 'the star is not
above the plus' to stimuli such as + (false) or * (true). In both of these paradigms, as in Wason's, it appeared that a time-
consuming process of inversion was occurring for negative sentences.

Baddeley's (1968) grammatical reasoning task was inspired by the findings reported by Slobin (1966) and Wason (1961). In
this task, a statement describing the order of letters A and B was accompanied by the letter pair AB or BA (eg B is not followed
by'A - BA); subjects were required to indicate whether or not the statement correctly described the letter pair. Thirty-two
different problems were generated by combination of 1) use of the verb 'precede' or 'follow'; 2) active or passive voice; 3)
affirmative or negative construction; 4) order of A and B in the statement; and 5) order of A and B in the letter pair. In this task,
affirmative sentences were verified more quickly than negative sentences, and active more quickly than passive.

Baddeley and Hitch (1974) and Hitch and Baddeley (1976) showed that a concurrent memory load of six letters slowed verbal
reasoning performance but had no effect upon accuracy. Thus, it appeared that the short-term memory store and the system
responsible for reasoning were at least partially overlapping. There is little doubt that verbal reasoning places demands upon
central resources. Farmer, Berman, and Fletcher's (1986) finding that articulatory suppression (repetition of irrelevant speech
sounds) interteres with verbal, but not spatial, reasoning suggests also the involvement of the specialized verbal subsystem
known as the 'articulatory loop' (see, for example, Baddeley, 1986).

Shingledecker (1984) substituted the symbols used by Clark and Chase for the letters A and B within Baddeley's task. The
STRES version continues the use of symbolic rather than alphabetic stimuli, but departs more dramatically from the original
technique by avoiding the use of the passive voice, which is seldom used in German and might therefore be responsible for
cultural differences in test performance. In an attempt to redress the reduction in difficulty caused by elimination of passive
stimuli, two statements specifying the order of three symbols are presented on each trial of the STRES task.

Reliability
J

Baddeley (1968) reported reasonably high test-retest reliability for his test, which was administered in paper-and-pencil form.
I-e tested 18 subjects twice on successive days, and found that the average correlation between performance on the two days
was 0.80.

Carter, Kennedy, and Bitiner (1981) examined the reliability of a grammatical reasoning test similar to Baddeley's but reduced
in duration from three minutes to one minute. Thirty-six subjects were tested on 15 consecutive work-days. Using as a
performance measure number of correct responses within each one-minute period, Carter et al found that a) performance
increased linearly with practice; b) the variances were stable over the 15 days of testing; c) inter-trial correlations tcnded to
remain constant, especially after the fourth day of testing; and d) the average inter-trial correlation after day 4 was 0.82. These
results, together with those of Baddeley (1968), indicate not only that the paper and pencil version of the traditional
grammatical reasoning task is a reliable instrument, but also that it is robust to procedural variations such as reduction of test
duration that often decrease test reliability. The STRES Grammatical Reasoning task differs from that described by Baddeley
in several respects, and its reliability remains to be established. However, since there is clearly considerable overlap between
the processes tapped by these tasks, the STRES version is likely to exhibit adequate reliability.

Schlegel and Gilliland (in press) tested the reliability of the CTS version of the grammatical reasoning task and reported a
reliability coefficient of 0.83. They employed 123 subjects who had practised the task for one block of trials per day for fise
days, and tested the reliability of data collected on two subsequent days. the latter separated by one day. Although this task is N

L
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not identical to the STRES version. it is very close in construction and provides at least an estimate of the reliability that should
be expected for the STRES Battery version.

Validity

Baddeley (1968) reported a correlation of 0.59 between performance on his grammatical reasoning task and scores on the
British Army Verbal Intelligence Test (n = 29). Carter et al (1981) obtained a correlation of 0.44 between grammatical
reasoning and the Wonderlic Test of Mental Ability (n - 23). Wetherell (1976) reported that verbal reasoning performance
was not significantly correlated with performance on Raven's Standard Progressive Matrices (r - 0.22; n - 30), a test tapping
spatial ability. These findings support the notion that the grammatical reasoning paradigm taps 'higher mental processes'
associated with verbal ability.

It has been suggested (Hunt, 1980) that the general ability factor (g) of classical intelligence theory may correspond to central
resources in modem information-processing approaches. Within Baddeley's model of working memory (see Baddeley, 1986),
verbal reasoning places demands upon the limited-capacity attentional system known as the 'central executive'. Farmer et al
(1986) showed that it also loads the specialized verbal subsystem of working memory (the 'articulatory loop') but not the spatial
subsystem (the 'visuo-spatial sketch-pad'). Hence, for example, recall of verbal memory loads is more greatly impaired by
verbal reasoning than by spatial reasoning (Wetherell, 1984a).

Sensitivity

The sensitivity of the STRES version of the grammatical reasoning paradigm remains to be established. However, the CTS
version of this task was found to be affected by sleep loss of 24 hours and two mg/kg and four mg/kg of caffeine. RTs were
significantly longer under both stressors.

The traditional grammatical reasoning task is sensitive to the effects of numerous environmental stressors. Kemp and
Wetherell (1977) reported that 10 mg oral diazepam significantly impaired performance on this task from 15 minutes to two
hours after dosing; Holland et al (1978) found that two mg intramuscular (im) atropine, and two mg im atropine with five mg im
diazepam, significantly impaired performance from 30 minutes to four hours after dosing, but that five mg im diazepam alone
had no effect; and Wetherell (1984b) found that intravenous physostigmine impaired verbal reasoning performance, but only
when a verbal memory pre-load was imposed. Other stressors to which this task is sensitive include nitrogen narcosis
(Baddeley, de Figuerado, Hawkswell Curtis, & Williams, 1968) and anxiety prior to decompression (Ussher & Farmer, 1987),
but not simulated deep-sea diving (Lewis & Baddeley, 1981; Lorenz & Lorenz, 1988).

Verbal reasoning is impaired when performed concurrently with practical tasks. For example, Brown, Tickner, and Simmonds
(1969) reported a 44% decrement in number of verbal reasoning problems attempted, and a 28% decrement in number of
correct answers, when subjects were driving and judging whether a gap was wide enough to drive through.

The Yerkes-Dodson Law (Yerkes & Dodson, 1908) suggests that the arousal level associated with optimal performance is
inversely related to task difficulty. It appears that task difficulty corresponds to the extent to which temporary storage in
working memory is required (Hockey & Hamilton, 1983): tasks such as continuous serial reaction (Leonard, 1959) can be
classified as 'easy', and tasks such as grammatical reasoning as 'difficult'. Grammatical reasoning is therefore likely to be more
sensitive to stressors that increase the arousal level than to those that produce under-arousal. Thus, Farmer and Green (1985)
reported that loss of a single night's sleep had a profound effect on continuous serial reaction, but no effect on verbal reasoning.

Technical Specification

The structure of the STRES Grammatical Reasoning task is shown in Figure 22. In this task, the subject is required to compare
the veracity of two sentences describing the order of the two adjacent pairs within a set of three symbols (Table 5). If the
sentences have the same truth value (both true or both false), the response 'same' is required; if they have different truth values,
the response 'different' is required.

Table 5 shows the 32 stimuli selected for use in the task. These stimuli represent each combination of 1)'before' or'after' in first
sentence; 2)'before' or 'after' in second sentence; 3) first sentence true or false; 4) second sentence true or false; and 5) mapping
of first and second sentence onto first and second adjacent letter pair.

During each three-minute testing session, the 32 problems are presented in newly permutated order. If the subject completes
more than 32 problems, this permutated order of presentation is repeated until the end of the testing period is reached. The
message 'end of block' is then presented.

The structure of each experimental trial is as follows: 1) the problem is presented in the middle of the monitor screen, as shown
in Figure 23; 2) as soon as the subject presses one of the response keys, or a deadline of 15 seconds has elapsed, the problem is
erased and a one-second inter-trial interval begins.

Practice trials differ from the experimental trials as follows: 1) as soon as a response is made, the test stimulus is erased, and
feedback concerning accuracy and RT is presented on two lines in the middle of the screen; 2) this feedback remains on the
screen until the subject presses either response key to initiate the inter-trial interval.
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Table 5. Problems used in the Grammatical Reasoning Task. T/F = truth value (true/false) of the sentence relative to the
symbol order.

Stim. Sentence I T/F Sentence 2 T/F Symbol Correct

No. Order Response

I BEFORE & T & BEFORE # T *&# same
2 # BEFORE * T & BEFORE # T &#* same
3 * BEFORE # F & BEFORE* F #& same
4 * BEFORE & F & BEFORE # F #& same
5 * BEFORE # T & AFTER # T *#& same
6 # AFTER * T & BEFORE* T &*# same
7 # BEFORE & F # AFTER * F &#* same
8 * AFTER & F * BEFORE # F #*& same
9 & AFTER * T & BEFORE # T *&# same

10 # BEFORE & T # AFTER * T *#& same
11 # AFTER & F * BEFORE & F #& same
12 # BEFORE* F & AFTER * F &*# same
13 # AFTER * T & AFTER # T *#& same
14 # AFTER * T * AFTER & T &*# same
15 * AFTER & F & AFTER # F *&# same
16 # AFTER * F & AFTER # F &#. same
17 # BEFORE* T & BEFORE* F #& diff
18 * BEFORE & F # BEFORE & T #& diff
19 # BEFORE* F # BEFORE & T *#& diff
20 * BEFORE # T * BEFORE & F &*# diff
21 & BEFORE # T # AFTER * F &#* diff
22 & AFTER # F * BEFORE & T *&# diff
23 # BEFORE* F & AFTER # T *#& diff
24 & AFTER * T * BEFORE # F #*& diff
25 & AFTER # T * BEFORE & F #& diff
26 # BEFORE* F * AFTER & T &*# diff
27 * AFTER & F & BEFORE # T *&# diff
28 * BEFORE & T # AFTER * F #*& diff
29 # AFTER & T # AFTER * F &#* diff
30 & AFTER * F & AFTER # T W diff
31 & AFTER * F # AFTER * T &*# diff
32 & AFTER # T * AFTER # F *#& diff

& AFTER# c
*BEFORE 9]

Figure 23. Sample stimulus display for the Grammatical Reasoning task.

Data Specification

For every trial within a three-minute trial block, the following data are recorded: 1) stimulus number (see Table 5); and 2) RT,
coded as positive for a correct response, negative for an incorrect response, and 0 for a response failure.

The following summary statistics are determined for each block: a) mean of all correct RTs; b) SD of all correct RTs; c) mean of
correct RTs for response 'same'; d) SD of correct RTs for response'same'; e) mean of correct RTs for response'different'; f) SD
of correct RTs for response 'different'; g) number of'same' trials; h) number of'different' trials; i) percent errors on 'same' trials;
j) percent errors on 'different' trials; k) percent response failures on 'same' trials; and I) percent response failures on 'different'
trials. In the calculation of error rates (i-j), response failures are excluded.

More detailed analysis, such as examination of differences between use of 'before' and 'after', may be undertaken if desired.
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Training Requirements

The standard training schedule comprises eight three-minute blocks, and the abridged schedule two blocks. If th task is
administered to the subject in several sessions, practice should be omitted after the first session.

Instructions to Subjects

Practice blocks

On each trial, you will be presented with a pair of sentences accompanied by three symbols in a particular order. Each sentence
either correctly or incorrectly describes the order of an adjacent pair of symbols within the set of three, and you are required to
compare the truth of the sentences. If both sentences are true, or if both are false, press the key marked same': if one sentence is
true but the other is false, press the key marked *different'.

Here is an example:

& BEFORE #
& AFTER

__ # &*

The & does not come before the #, so the first sentence is false; and the & does not come after the *, so the second sentence is
also false. Since both are false, the correct response is same'.

Now examine the following example:

* AFTER &
& BEFORE #

The * comes after the &, and so the first sentence is true; the & does not come before #. so the second sentence is false. The
correct response is therefore 'different'.

You should try to respond as quickly and accurately as you can to each problem. Each time you respond in this practice session.
you will be given feedback about your speed and accuracy. When you are ready to begin the next trial, press either response key.

If you find yourself making repeated errors because you are not taking enough time for your decision, slow down. However. do
not take more time than is necessary to make the appropriate decision and response.

Please start this practice session by pressing either response key. The session will last for three minutes, after which the message
'end of block' will appear.

Experimental blocks

On each trial, you will be presented with a pair of sentences accompanied by three symbols in a particular order. Each sentence
either correctly or incorrectly describes the order of an adjacent pair of symbols within the set of three, and you are required to
compare the truth of the sentences. If both sentences are true, or if both are false, press the key marked 'same': if one sentence is
true but the other is false, press the key marked 'different'.

Here is an example:

& BEFORE #
&AFTER

The & does not come before the #, so the first sentence is false; and the & does not come after the *, so the second sentence is
also false. Since both are false, the correct response is 'same'.

Now examine the following example:

* AFTER &
& BEFORE #

The * comes after the &, and so the first sentence is true; the & does not come before #, so the second sentence is false. The
correct response is therefore 'different'.

You should try to respond as quickly and accurately as you can to each problem. Each time you respond, th. problem will be
erased and the next problem will be presented after a brief delay.
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If you find yourself making repeated errors because you are not taking enough time for your decision, slow down. However. do

not take more time than is necessary to make the appropriate decision and response.

Please start this session by pressing either response key. The session will last for three minutes, after which the message 'end of
block' will appear.

TRACKING WITH CONCURRENT MEMORY SEARCH

Purpose

This combination of the Unstable Tracking and Memory Search tasks measures the ability to divide attention between two
activities.

General Description

During concurrent presentation of these tasks, each proceeds as previously described. Thus, the first three-minute period is
devoted to a memory set of two, and the second to a memory set of four. Subjects are instructed to allocate equal priority to the
tracking and memory search tasks,

Background

For a task requiring a given type ot central processing, some mappings of input and output modalities are more efficient than
others (Greenewald, 1979). Wickens, Vidulich, Sandry. and Schiflett (1981) argued. for example. that auditory input and vocal
output represent a particularly compatible arrangement for verbal tasks, whereas visual input and manual output are

F% appropriate for spatial tasks.

Vidulich and Wickens (1981) combined tracking with a memory search task. Memory search stimuli were presented either
visually or auditorily, and subjects responded vocally or manually. It was found under both single-and dual-task conditions that
memory search was performed best with auditory input and vocal output, and most poorly with visual input and manual output.
It appeared that there was little central interference between the spatial tracking task and the verbal memory search task:
tracking difficulty exerted a negligible effect on memory search performance provided that the tasks were assigned different
input and output modalities. When both tasks were presented visually, memory search was more severely disrupted; when both
required manual responses, however, degradation occurred primarily in tracking performance. Thus, memory search may
impose greater demands on input-related resources, and tracking on response-related resources.

Shingledecker et al (1983) combined a tapping task (Michon. 1966) with other tasks, including tracking and memory search.
The Michon task interfered with tracking, but had no effect upon memory search performance. Since the Michon task is
assumed primarily to tap resources associated with response timing, this pattern of dual-task interference supports the
hypothesis that tracking places a heavy burden on resources associated with response processing.

Task-hemispheric integrity (Wickens & Sandry, 1982; Wickens, Sandry, & Hightower, 1982) must also be considered in the
design of concurrent tasks. The dominant cerebral hemisphere is specialized for verbal processing, and the non-dominant
hemisphere for spatial processing; each hemisphere controls the actions of the contralateral hand. Task-hemispheric integrity
is therefore achieved when a verbal task is performed with the dominant hand, and a spatial task is performed with the non-
dominant hand (Wickens, 1981).

Wickens and Sandry (1982) used verbal and spatial versions of the memory search task in combination with a tracking task. For
the verbal task, use of the dominant hand produced better time-sharing efficiency than use of the non-dominant hand. There
was evidence that the spatial memory search task and the tracking task competed for similar resources, precluding the
possibility of presenting both tasks in an integral configuration.

The STRES task combination employs the memory search configuration (visual input with manual output) most likely to
produce dual-task interference due to competition for input and output resources. Moreover, task-hemispheric integrity is low:
subjects respond to the verbal memory task using the non-preferred hand, and to the spatial tracking task using the preferred
hand.

Reliability

The reliability of each of these tests in isolation has already been discussed. There is no direct evidence concerning their
reliability in combination. However, the test-retest reliability of tracking with other concurrent tasks (Wickens, Mountford, &
Schreiner, 1980) is encouraging, and there is little reason to doubt that the STRES tracking/memory search combination will
prove to be adequate in this respect.

Validity

There has been some attempt to identify a general time sharing factor, with inconclusive results (Wickens et al, 1980; Sverko.
1977; Keele & Hawkins, 1082). Although single-dual task performance differences on these tasks decline with practice
(Wickens & Sandry. 1982). it is unclear whether this change reflects improvement in time-sharing ability, or simply reduction -
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in the resource requirements of each task. Regardless of the specific mechanism underlying the division of attention between
these tests, the evidence cited above indicates that, in their present configuration, they compete for input and output resources.

Sensitivity

The relatively few investigations of tracking with concurrent memory search have been concerned primarily with the
development of theoretical models of mental resources. However, evidence for the sensitivity of these tests in isolation has
already been presented; moreover, continuous tracking has successfully been combined with tasks involving discrete reactions
in several stressor studies, some of which are discussed briefly below.

Putz and his associates (Putz, Anderson, Setzer, & Croxton. 198 1: Putz, 1979; Putz, Johnson. & Setzer, 1979) examined the
effects of toxic substances on the performance of tracking with concurrent tone detection. Substances such as carbon monoxide
and alcohol impaired tracking performance but did not affect tone detection.

Houghton, McBride, and Hannah (1985) used multiple tasks in the study of loss of consciousness induced by G-stress. Two-
dimensional compensatory tracking served as the primary task, and two-choice reaction time and mental arithmetic as
secondary tasks. The r-sults indicated significant impairment in choice reaction time and mental arithmetic, but no impairment
in the primary tracking task.

Farmer and Green (1985) subjected civil aircrew to loss of a single night's sleep. Their battery of tasks included compensatory
tracking performed concurrently with detection of peripheral signals. Performance on both of these tasks declined under sleep
loss.

Technical Specification

The structure of the dual-task is shown in Figure 24. The tasks proceed as previously specified, with the following exceptions:
The cursor is initially centred under software control. As soon as the subject presses a response key to indicate that he has
memorized the memory set, the 10-second warm-up period of the Unstable Tracking task begins. The memory set remains on
the screen for the first nine seconds of this period. After the Il0 seconds have elapsed, the first probe item is presented and the
three-minute memory search and tracking period begins.

Memory sets and probe items are presented directly above the centre of the tracking target, with the base of the letters 22
millimetres above screen centre. Figure 25 depicts the stimulus display.

As under single-task conditions, the first three-minute block is devoted to a memory set of two items, and the second to a
memory set of four items. Subjects respond to the memory search stimuli using the non-dominant hand and manipulate the
joystick using the dominant hand.

Data Specification

For the Unstable Tracking task, the following data are stored for each one-second interval of the task: 1) average error, and 2)
incidence of control failure.

Summary statistics for the complete three-minute period comprise a) RMS error score, calculated as:

RMS error - square root ((sum(x)" 82) - ((sum(x))" 2 / n) / n - 1) where x - the deviations from screen centre summed for
each second, and n - 180

b) the number of control failures.

For the Memory Search task, a separate data record, listing the memory set and the probes presented, is stored for each three-
minute block. With the memory set is recorded the subject's viewing time measured in milliseconds from the presentaion of the
memory set to depression of either response key. With each probe letter is recorded the subject's RT to that probe, coded as
positive for a correct response, negative for an incorrect response, and 0 for a response failure.

Summary statistics are calculated separately for each three-minute block, and comprise a) memory set size; b) memory set
inspection time; c) mean of all correct RTs; d) SD of all correct RTs; e) mean of correct RTs to positive probes; f) SD of correct
RTs to positive probes; g) mean of correct RTs to negative probes; h) SD of correct RTs to negative probes; i) number of
positive trials; j) number of negative trials; k) percent errors on positive trials; I) percent errors on negative trials; m) percent
response failures on positive trials; and n) percent response failures on negative trials. In the calculation of error rates (k-I).
response failures are excluded.

The following summary statistics are calculated, using linear regression, from the data obtained for each pair of three-minute
blocks: a) slope of RT function for positive probes; b) intercept of RT function for positive probes; c) slope of RT function for
negative probes; and d) intercept of RT function for negative probes.

lI
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Training Requirements

Subjects are presented with instructions that specify that both tasks are equally important, and that the object is to respond as
quickly and accurately as possible on the Memory Search task while tracking as accurately as possible.

Since each subject has previously performed the tasks in isolation, the purpose of this training phase is merelyv to permit
practice on their concurrent performance. Initial dual-task performance is normally erratic subjects should complete five
practice blocks at each memory set size (standard schedule) or two practice blocks at each memory set size (abridged schedule).
If the dual-task is administered to the subject in se eral experimental sessions, practice should be omitted after the first session.

Instructions to Subjects

You will now be required to perform concurrently two tasks that you have previously performed in isolation: unstable tracking
and memory search. You should use your preferred hand (the hand with which you normally write) to control the joystick, and
your other hand to press the response keys. The two tasks are equally important, so try not to concentrate exclusively on one at

4 the expense of the other.

In the tracking task, your objective is to keep a cursor centred on a target area in the middle of the monitor screen. You can
control the movement of the cursor by moving the joystick. Moving the stick to the right moves the cursor to the right, and
moving it to the left moves the cursor to the left. The cursor initially appears on the central target hut tends to mole horizontalh
away from this position. Try to keep it centred over the target at all times. If it reaches the boundary line. it will reappear at the
target position and begin moving away again. This is called a control loss and should be avoided if possible.

While you are controlling the cursor. you will be required to respond to test letters in the memory search compotnent of the ta,,k
As before, you will be shown a'memory set' that will contain either two or four letters, and you will be allowed to, look at it for as
long as you wish. When you have memorized this set, please press one of the response keys. The tracking task will then begin
immediately. After a few seconds, the memory set will disappear and you will be shown a series of single test letters. As before,
you must decide whether each test letter is one of the letters in the memory set. Ifso. prcss theyes key: if not, press the no" kc.

Please trv to respond to the test letters as fast as you can without making any mistakes, but do not neglect the tracking task
Remember. each task is equally important.

) If you do not respond to a test letter within a certain time. the next letter w ill appear. The ientory set presented in each period
will be different, so be sure to memorize it before you press the key to begin. Each period dcsoted to a particular niemor ,et
" ill last for three minutes. and will end with the message -end of block*.
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CHAPTER 3

DATA EXCHANGE

A. DATA EXCHANGE FORMAT

A standardized data format is specified to facilitate exchange of information between researchers using the STRES batters.
Files should be written in ASCII code using the Data Interchange Format (DIF). Data should be stored on double sided 5.2r,
inch MS-DOS diskettes (401 tracks, 9 sectors) or ;.5 inch M'4-DOS diskettes (90l tracks. 9 or 18 sectors); these storage media
w ere selected because they are available to nearly all laboratories.

Each diskette should be labelled with: a) the sender's name and address; b) a brief identifier for the experimtenter seec belowi

L and c) the date oif the experiment.

If more than one diskette is used to store the data from a single experiment. the diskettes should be numbered consecutisely.

B. COLLECTION OF INFORMATION

The software assoiciated wcith the STRES battery should include a) a routine to collect and store. priotr ladininistratiiin of the
batterv, the general information comprising Part I of the transfer file. and b) a routine to create coimplete transfer files in the
fsrmina specified belo".

C. STANDARDIZED TRANSF'tR FILE CONTENT

transfer files should begin wsith general information that facilitates the interpretation oif test results. Althtough bres it% is
desirable, the ciintributior is free to use as many lines as necessary.

Part 1: General information

T-he information comprising Part I ofthe transfer file appears in Table 6a. A sample of a completed cetieral inifoirmation section
appear, in Table 6b.

Part IL: I)ta Set

Part 11 coimprises biith subject and condition infotrmnation and test scores. Informatioin concerning each sitbject fiirms a closed
Lblock that starts with the signal SOSF (Start Of Subject File). Divisiiin I of each block conttainis stable subject ittforntation such

as sex attd aic; Di ision 2 conttain% s ariable itiforniott concertting the itat rcoii the experimental condition. togethter ssith the
coirresponding test results-

Part I/Division 1: Subject information

Subjects aire identified t nl% be a nunmber in tie trattsfer file. I lte iiifo riiatio n appea riiig after Sf SF. which is requested h% a
computer programme integrated with the task ciintroilling sofissare. appears in Table 7.

Pant II/Disision 2: Condition information and test scores

Coindlitiotn informatioin ftitpof"Table 8)bcgins with the subject's sessiiit numnber. In the case of repeated measurement. sessio~ns
are reptirted iii an ascending series beginning with the first session. The coitditiiin informatiott precedes the results for each
condition (Table 8) evetn with repecated measureentts under the same experimetntal coindition.

Overall structure of franm'er ile

The cnd of each ctondititin data set is tmarked bN the signal E.OCD lEnd Of Condition D~ata). The end oif the subject's file is
ma~rked LOSE, and is fotllowed by the next subject's file. The complete transfer file terminates with the marker EOTE I END) OF
TRANSFER FILE). T'his arrangement is represeted itt Figu re 26.

1). INSES 01. THE TRANSFER FIL.E

Itnitially,. transfet files will bie used tor the exchtatnge oi data be tsseen individual laboiratoies. 1 settuall[ - hots es r. a central data
base mis be established. toi which users tif the STRI S Baiter ssill be able to cintribute attd tootbtin access. Sticl- a data base.
aIltl' ugh desirable. is beyond the %coipe of Woirkittg O'ritup 1 2*s activ ities.

the majior functioins of data exchange svill be a) to help tlo idetitifv the ji% chomctric properties of the tests. b) i proivide
noirmative data. c) tot indicate the pattern of perfotrmanxce change associated with a particular stressor. d) to indicate the effects
if a ranige iof stressotr, ion a particular menttal process. e) tot itndicate the effects of 'inicidental'%s ariab .:s such as age tin mentat

perfiirmantce. f) tot reveal occupatioinal differences itt perfoirmantce that tmay be of interest tot selectiton researchers. and gi) ito
facilitate cotmmunication between users with commont interests,
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[ General information

OSF (TRT OF SUBJECT FILE]

F stble subject information

S Condition I information

Repeatfr

S Data set for Task 1 tasks

SEOCO (END OF CONDITION DATA) I Repeat for
~conditions

2-6
SEOSF (END OF SUBJECT .FLE) I Repeat for

subjects 1-10

EOTF (END OF TRANSFER FLE)]

Figure 26. Structure of a transfer file for IM0 subjects each completing six conditions.

Table 6a. Format of general information section of the transfer file.

Part I: (reneral information

Title of experiment or roroarch prntjot:i

Auth-r ,) li ldd rnd Ilphntto

Short title (not trnrc than 1n) chiractor)

K--mnd,

Summna (indtnating rwl-aie. methntoloo inil rcouldj

Relernce (nhere the roeult- re published ordhuncnicl)

Datenf the experiment From: "

Subtect i infl Se:
Age tango:
Fduonitinn:
Fe )cupotm. nit.

Mttotiation g pamntln cln i fi

()ther nfortton doennt rtMn'in

Numher nf hle oo

trot on iiinpcrnntll factor, ( 0lh three t lrhrelonnn
Factor I Name:

Abbr-eiattn:
oChel, n( factnnt

Factr 2 - Name:
Abbreviation:
It el, t lat"r:

Factot n - N.m:
Ahhrearn:
tenels fi factor

Experimnta design (eg mnithit-suhletv

Special xp orimental conditions

Deviation from standard test ctmdition:

• - I I
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Table 6ib. Sample general information section of data transfer file.

Pan 1: General informaion

title (if expentmentoit research proj~ect: Interaction of performance effects of sleep l,.ss anti nois

Author(s) F. Smith. Dept of Psychology. University ttf Oubndge. UK. Tel 456 7890f

Short title: SI.EEPNDIS

Konweords: Sleep Itiss/Notue/STRES Battery

Summary: Possibl, interactive Jllcs of sleop less and take uittaed. STksES battery aamtntserin rc hi-S design to
lb Ss in following conditions: rested, quiet: sleep-deprisedequiet; rested/ noise; sleep-depncd nitse. On all tests. no-is
impaired the performane trf tested Ss; sleep loss impaired performance under qntet cotndtioins. bat niie oiriisd the
perfitrmane ofsi sinep-deprised Ss.

Reference: to appear in Jorurnal ot) Stress Research

Date: Sept l98M to Nov 1988

Sebler iformtion Son: Male.
Age range: 19-25
Edecatioin: Undergeadeate
fo'cupaio.n: Students
Moticarti: one poiund paid per essttrn
Other inforemattirti deemed releemint:

Number iof subjects: lb

List of indep~endent factors:
Factor I -Name: SLEEP LOSS

s Lecels of factor. Rested. I nights, sleep ticss
Factii 2 - Name: NOISE

Abbreiatiotn NOt
Leeslof factor: 65d8.5

Enpeomenral design: Within-Os

Special espentmental conditions: None

tDeiatin from standard test conditions lit practice blreks gisen ir each task.

Table 7. Subject iftormation appearing in Part I1lDivision I tifthe trattsfer file.

Siubject number

Ses in, ut ft

Age feats)

ichiort educarti 11 tlfllllioto lI.S5=tttii Schooil I esi. MEDl-Meiliut Sobinil[ LestI 1,Nl= sert ltttr Itido I

Toeal sears at schonil (including grouind schoi I

Main irocpptiion

Numheritf ycars is mat oiccopaison

ReprItod sieo statIus INfO f, niiir,,cItiin ocessrs tiisin eiinmpete r crets COIN - esrrrectItiin toriiiormal ist. SIlt

Visual defliccies. nit 10ff.eiirreeiahlef

f spcrtecc siti the stardardiedi tests stern IN N)

ifpecial re-marhs fodifsiiital rlesoti subject charaioieritio
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Table 8. Test scores in Part li/Division 2 of the transfer file.

Session number
Time of day (24 hours)
Time since last seion:
Condition (eg sleep loss):
Stressor abbreviation(s) and level(s), separated by a comma.
eg NOI65dB.NOI95dB:

REACTION Basic: I ) mean RT for correct responses
TIME 2) SD of RTs for correct responses

3) number of trials
4) percent errors
5) percent response failures

(Repeat for Coded; Time Uncertainly; )oublc Responses; Inversion: Basic)

MATHEMATICAL I) mean RT for all correct respenses
PROCESSING 2) SD of RTs for al) correct responses

3) mean RT for correct , responses
4) SD af RT forrect rs 1 iso cs
5) mean RT for corrects responses
6) SD of RTs for correct, responses
7) number of, trials
,S) numlcrof, trials
9) percent errors tc, problems

10) percent errors to problems
I1) percent response failures on problems

12) percent respeose failures on, problem,

MEMORY Memory I) memory set size
SEARCH sei if 2 2) memory search inspection time

3) mean RT for all correct responses

4) SO of RTs for all correct responses
5) mean RT for correct positive responses
6) SD of RTs for correct positive responses
7) mean RT for correct negative respcnses
8) S~Of RTs for crrect negative responses
9) number of positive trials

10) number of negative trials
I I) percent errors to positive probes
121 percent errors to negative probes
13" percent respsnse failures for pos probes
14) perceni response failres for reg proes

(Repeat for memory setof 4)

Fir I ) lope sif RT function. pisitive probes
memor 2) interceptof RTfunction. pitivc probe,
sets if 3 slope ofRT function. negative probes
2 and 4 4) intercept of RT function. negative probes

SPATIAL I) mean RT for all correct rcsponscs
PROCESSING 2) SD of RTs for all correct responses

3) mean RT for correct some response,
4) SD of RTs for correct same responses

5) mean RT for correct different response
6) SO of RTs for correct different resTx ss
7) number of same trials
A) number of different trials

9) percent error on same I nals
10) percent errors on different trials
II percent response failures sin same trials

12) percent response failures on different trials

UNSTABLE I) RMS errorsore
TRACKING 2) number of control losses

GRAMMATICAL I) mean RT for all correct responses
REASONING 2) SD of RTs for all correct responses

3) mean RT Ior correct same responses
4) SD of RTs for correct same rcspnses
5) mean RT for correct different responses
6) SI) of RTs for correct different responses
71 number sf same trials
8) number of different trials
9) percent errors on same trials

10) percent errors on different trials

I1) percent response failures on same trials
12) percent respsnse failures in different tIals

ItI
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Table 8. (cont'd)

DUAL TASK I) RMS error score
TRACKING 2) number of control losses

DUAL TASK Memory I) mevmory set rizc
MEMORY Set of 2) memory search inspection time
SEARCH 2 3) mean RT for all correct responses

4) SD of RTs for all correct responses
5) mean RT for correct positive responses
6) SD of RTs for correct positive responses
7) mean RT for correct negative responses
8) SD of RTs for correct negative repmnses
9) number of posifise trials

I0) number of negative trials
I1) percent erros to positive problems
12) percent errors ito negative problems
13) percent response failures to p , problems
14) pereen, 'sponse failures to neg. problems

(Repeat tracking and memory search score for memory ret of 41

For 1) sloperof RT function, positive probes
memory 2) intecept of RT unctisn. positive pritbes
sets or 3) slope of RT function. negative probes
2 and 4 4 intercept of RT function. negative probes

II
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CHAPTER 4

CONCLUSION

The goals attained by Working Group 12 during its lifespan can be summarized as follows:

I ) Survey of performance researchers in NATO countries and publication of a register, as a first step in promoting exchange
of information;

2) Selection of tasks for inclusion in the STRES battery;

3) Review of previous literature on each task (or on similar tasks);

4) Specification of standardized parameters for each task;

5) Specification of data exchange format.

The efforts of the working group were directed towards hardware-independent specifications, because of the wide variety of
computers used by performance researchers, and the relatively short lifespan of any particular system. The refinement of the
STRES Battery will take place over a protracted period, during which computer systems currently considered as industry

standards may well have become obsolete. However, the introduction of high-level task development software (eg Schneider,

1988) will permit even those inexperienced in programming to construct most of the tasks specified in this report.

The objective of the STRES Battery is not to stultify performance research. The tasks selected are those that are already in
common use (albeit in a variety of guises). Moreover, the yardstick provided by the battery may prove useful to those who wish

to develop new approaches.

As more information concerning the psychometric properties of the tasks becomes available, the battery will evolve. It may be
necessary to refine task parameters, or to introduce additional tasks.

The accumulation of data will permit some aspects of the validity of the STRES battery to be explored more fully. However.
formal validation studies are also required. The working group considers the following approaches to be desirable:

I) Use of factor analysis to relate the battery to a well-established ability factor space. such as that formed by Cattell's

Comprehensive Ability Factors.

2) Assessment of construct validity by administering the tests to various occupational groups. It can be predicted, for
example, that a group of successful pilots will score more highly than a group of radio operators on the Spatial Processing
task.

3) Assessment of the degree to which performance decrement on the tests reflects changes in real-life activity. For example.

the user must be able to infer the operational consequences of a particular pattern of decrement in test scores under sleep
loss.

4) Assessment of cross-cultural validity. It must be ensured that performance on the tasks is not affected by cultural

differences. As discussed earlier, for example, the Grammatical Reasoning Test, as described by Baddeley (1968). would

lias been unsuitable for use in German, because of the avoidance of the passive voice in that language.

As performance data accumulate, it will be possible to examine more fully the reliability of each task. and the range of stressors
to which it is sensitive. It will also be possible to investigate the extent to which each test is sensitive to individual differences.

and the relevance of the test to occupational performance. Existing evidence concerning the psychometric properties of the
STRES tasks has already been described. This evidence must, however, be considered tentative, because of variation in test

procedures. The STRES battery introduces the standardization that is essential for rigorous psychometric investigation.

Further progress is dependent upon widespread use of the battery, and exchange of data between laboratories. Performance
researchers interested in the STRES battery are invited to contact an member of Working Group 12 for information.
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ANNEX I

PROJECT SUMMARY

Humian performance assessment is used by all NATO countries in their aerospace Programmes. Hluman operator performance
should be measiured or estimated in all systems using humans. This includes measuring the effectiveness of new system%.
measuring operator workload, determining the effects of enironmental atressors. and assisting in the design of new sN stemns.
D~espite the widespread use of performance tests, there are few, if ans'. accepted testing methods that are the same in all
laboratories: hence. it is very difficult to share results between laboratories and countries.

Human performance assessment is an important problem, especially %ice systems are becoming nmore complex and
demanding of the operator. Since the overall effectiveness of these systems depends upon the human. ii is crucial that
perfoirmance a-sssmtrt be accurate. The ability to share data would permit much more rapid progress in the dlesigi and
construction of military systems that best uti liZed the operator's capabilities.

The Purpose of Working Group 12 is to establish the miethodologx by which standardized tests will be selected, This includes
not only the selection of tests but also the specification oif their parameters, identification (if the areas ini w hich thes are useful.
and pros isiOn of a data exchange format and a bibliograph%. A core test battCry wkill be determined so that tle 'use of these
accepted tests call begin. To achiese its goals, the Wori Wg G roup will undertake the fiillowing activities

1. Compilation of a register of perfornmance assessmntn laboratories and personnel. The draft of this document "Ill hie
conipleted by June I1987 w ith the UfSAIF respoinsibile for Its Collation.

IL. Preparation ofan AGiARI~ograph on recomimended tests fur stress testing and( performance aissessment. The procedures
used fiir selection of these tests will alsoi be discussed in the A(;ARI~oiraph. A. draft of this dicumient i%,ill bie completed h\
Jaituars 1988X.

III. A L~ecture Series will be mnade asvailable to memberc e uiitni.(ountries not represented in the Wkorking ( riupis %ill bie
cspecial\ tirigeted for this series. sihich "ill be heCld during 1988 f' ilowing the distribution ofi tile M( iA\Rl~oraph

IV .\T A(iARI) Symnposiuam will be proposed in 1989) inl conjunction with an AM P flteet tu. The pioccdines o ithis

international meeting u,i 'I fumnan Peifiiottance Assessment Mthiswl epbihd

The first neeting oif the Wiirking Girou p will be held at Wright-Patterson Air Force Base, Oh io, USA during the latter part oif
Januar% I 9S7.It is snested that subsecquent ttcetiitis will be held at iN() Instiltt for I'erceptimn.t. he Netherlantds. the R,-sF
Institute iof As jation Mtediciine. Gireait Britain, and I FVL-R. West ( icritnsn\ These iteeitts "sill bie held at six - infit t
intersals for the dluratiiu if tile twu-sear teni tit the Working Girouup.

The Working G roup will alsii interact with the so called 'Academic (Groiup'. Ihe Academic G roup hald its, first nmeetin ititt
.- \ehe. est( erttats ii te fl i i Ii)54anlil a set~ci idmeetiit ati Paris. Fratte dicespring of 1 986 Ihese ntctines

i,%crc funided bYt ()ARI) iii Loitdi m. The Wiirkinge Grioip willsiilicit ilput friont the .- cadetttic Groiupi. [1he Wiorkiiig G rioup liii
definite goals and at two-sear lifte. and so it must acciimplish its eiials w ithini this period. The Academic Grinup is eincerned
more with theoretical discussions and test deselopinent. whereas the Wiirkittg (ron p is concerned with applications of tests ill
military environments. Both groups are interested in perfiirmance assessment and share sonie members: appropriate

infiirmatiiin friim the Academtic Griiuip is thtus as ailable to tile Wiirking (Group.
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